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T H E 
THEORY of the EARTH. 


F ELTLN HAVE mavſelf, often obſerved with a 
als N* kind of aſtoniſhment, as J have alrea- 
1 J dy ſaid, whole mountains, chains of 

rocks, enormous banks of quarries, all 
WIE A compoſed of ſhells and other wrecks of 
marine productions, which are met with therein in 
ſuch great quantities, that their volume far ſur- 
paſſes the matter which includes them. 

I have ſeen cultivated fields in which all the ſtones 
were petrified petoncles, ſo that by ſhutting our eyes 
and taking them up by chance, we might bet we 
took up a petoncle : and the more we examine 
the earth, the more we ſhall be convinced that the 
number of theſe petrifications 1s infinite, and con- 
clude, that it is impoſſible that all the animals which 
inhabited theſe ſhells exiſted at one and the ſame 
time. | 

I have even made an obſervation in ſearching af- 
ter theſe ſhells, which may be of ſome utility, viz. 
that in all countries where we find a very great 
number of petrified ſhells in the fields and cultiva- 
ble lands which are whole, well preſerved and totally 
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apart, we may be affured that the ſtone of theſe 
countries is gelifſe ; theſe ſhells being only divided in 
ſuch great number by the action of the froſt which 
deſtroys the ſtone and ſuffers the petrified ſhells to 
ſubſiſt longer time. | 

This immenſe quantity of marine foſſils found in 
ſo many places, proves that they have not been 
tranſported thither by the deluge ; for we obſerve 


. many thouſands of large rocks and quarries in every 


country compoſed of marble and lime ſtone, all 
filled with the vetebra of the ſea ſtar fiſhand other ma- 
rine productions. Now if theſe ſhells, every where 
found, had been brought on the earth by a deluge, or 
inundation, the greateſt part would have remained on 
the ſurface of the earth, or at leaſt would not be in- 
terred very deep, nor ſhould we find them in the 
moſt ſolid marble at the depth of ſeven or eight 
hundred feet. 

In all quarries theſe ſhells form a part of the in- 
ternal part of the ſtone, and we ſee them ſometimes 
covered externally with ſtalactites, which as is known, 
are not ſuch ancient matters as the ſtone which con- 
tain ſhells: a ſecond proof that this did not hap- 
pen by a deluge, is, that bones, horns, hoofs, &c. 
are found but very rarely, and perhaps not at all in 
marble and other hard ſtone, whereas, if it was the 
efle& of a deluge, where all would have periſhed, 
we ſhould meet with the remains of land animals as 
well as thoſe of the ſea, | 

It is 'as we have obſerved, a very great ſup- 
poſition, to pretend that all the earth was diſſolved 
at the deluge, nor can we give any foundation to 
ſuch idea, but by ſuppoſing a ſecond miracle, which 
might have given the water the property of a univer- 
ſal diſſolvent, a miracle of which no mention is made 
in holy writ ; beſides, what annihilates the ſuppoſi- 
tion and renders it even contradictory, is, that all 
matters having been diflolved in the water, 2 

ave 
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have not been ſo, fince we find them entire and well 
preſerved in all the maſſes which are ſaid to have been 
diſſolved; this evidently proves, that there never 
was ſuch diſſolution, and that the arrangement of the 
horizontal and parallel ſtrata was not made in ant in- 
ſtant but by ſediments depoſited by degrees, and 
which have at laſt produced conſiderable eminences 
in proceſs of time: for it is evident to all who 
will take the trouble of obſerving, that the arrange- 
ment of all matters which compoſe the globe, is the 
work of the waters; the queſtion is therefore only 
to know, whether this arrangement was made at 
one time; now we have proved it could not be done 
all at once, fince matters have not kept the order of 
{pecific weight, and there has not been a general 
diſſolution of all matters, therefore this arrangement 
has been produced by the waters, or rather by the 
ſediments which they have depoſited in ſucceſſion of 
time ; all other revolution, all other motion, and all 
other cauſe, would have produced a very different 
arrangement; beſides a particular accidental revolu- 
tion could not have produced a fimilar effect on the 
whole globe, and if the particular and accidental re- 
volutions was the cauſe of the arrangement of the 
earth and ſtrata, we ſhould find ſtones and earths 
differently diſpoſed in different countries, whereas 
we find them diſpoſed every where alike by parallel, 
horizontal or equally inclined ſtrata, Let us ſee what 
the hiſtorians of the academy ſays on this ſubject. 
Anno. 1718, p. 3. &c, 

The very ancient and numerous remains of in- 
undations which muſt have been very extenſive, and 
the manner - in which we are obliged to conceive 
mountains to be formed, ſu Þciently proves, that for- 
merly great revolutions have happened to the ſurface 
of the earth. As far as we have been able to dig, 
we have ſcarcely ſeen any thing but ruins, wrecks 
and vaſt ſtones heaped up together, and which by 


a courſe 
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a courſe of ages are incorporated together, and uni- 
ted in one fingle maſs as much as poſſible. 
If there is ſome kind of regular organization in the 
terreſtrial globe, it is deeper and conſequently will 
be always unknown to us, and all our reſearches 
will terminate in digging among the ruins of the ex- 
ternal coat, and will till furniſh ſufficient employ- 
ment for our philoſophers. 

M. de Juſſieu found in the environs of St. Chau- 
mont, in Lyonnois, a great quantity of ſcaly or fo- 
liated ſtones, all the foliage of which bore on the ſu- 
perfices the impreſſion of the end of a branch, a leaf, 
or the fragment of a leaf of ſome plant ; the repre- 
ſentations of leaves were always exactly extended, as 
if the leaves had been ſpread on the ſtone with our 
hands, which proves that they had been 8 
thither by the water, which had kept them in that 
tate: they were in different ſituations, and ſome 
times two or three together. 

- It may well be ſuppoſed, that a leaf depoſited by 
the water in a ſoft mud, and afterwards covered with 
another like mud, imprints on the one the image of 
one of its two ſurfaces, and on the other the ima 
of the other, ſo that theſe two lama of mud being 
hardened and petrified, took different impreffions ; 
but what we might think to have happened, is 
not ſo, the two lamas have the impreſſion of 
the ſame ſide of the leaf, the one in relief, the 
other hollow. M. de Juſſieu has obſerved in all theſe 
figured ſtones of St. Chaumont, this abſurd pheno- 
mena. We ſhall leave the explanation to him to 
Paſs to what theſe ſorts of obſervations have more ge- 
neral and intereſting. 

All the plants engraved in the ſtones of St. Chau- 
mont are foreign plants ; they are neither found in 
Lyonnois nor in the other parts of France, but 
only in the Eaſt Indies and the hot climates of 

| | | Ame- 
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America : theſe plants are for the moſt part capilla- 
ry plants, and often of the fern kind ; their hard and 


compact coat has rendered them more propertoĩmprint 
and preſerve themſelves in the molds as much as the 
time permitted. Some leaves of Indian plants in- 
printed in the ſtones of Germany have appenred a- 
ſtoniſhing to M. Leibnitz, but here we find the ſame 
wonderful affair infinitely multiplied. There even 
ſeems in this reſpect to be a certain affectation of na- 

ture; in all the ſtones of St. Chaumont not a ſingle 
plant of the country has been found. 

It is certain, by the ſhellfiſh in quarries and moun- 
tains, that this country, as well as many others, muſt 
have formerly been covered with the ſea, but how 
has the American or Eaft Indian ſea reached thi- 
ther ? 

Jo explain many phenomena, it may be ſuppoſed 
with ſufficient probability, that the ſea covered the 
whole terreſtrial globe, when there were na terre— 
ſtrial plants therein, and it is only ſince then, and 
fince a part of the globe has been diſcov ercd, that 
great inundations have been made, which have con- 
veycd the plants of one country into others very 
remote. 

M. de Juſfieu thinks, that as the bed of the ſea 
always throws up earth, mud and and, which the 
rivers inceſſantly convey there; the {ea at krit uni- 
ted between certain natural dykes, ſurmounicd them 
and were diſperſed far off, and that the dykes were 
themſelves undermined by the waters and overthrown 
therein, In the earlieſt time of the formation of che 
earth nothing had taken a regular form ; pro- 
digious and ſudden revolutions might then have 
been made, of which we no longer have ex- 
amples. | 

By ſome of theſe great revolutions the Indian ſea, 
whether oriental or accidemal, will have been dri- 


ven to Europe, and 8 thither foreign plants 
Vol. VI. floating 
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floating on its waters, which they tore up in their 
road, and depoſited gently in places where the water 
was only ſhallow, and might be ſoon evaporated. 


ARTICLE +,IX. 
On the inequalities of the earth. 


1 inequalities which are on the ſurface of the 

earth, and which might be regarded as an im- 
perfection to the figure of the globe, are at the ſame 
time a diſpoſition favourable and neceſſary to pre- 
ſerve vegetation and life on the terreſtrial globe. To 
be aſſured of this, it is only requiſite to conceive for 
a moment what the earth would be, if it was even and 
regular. We thould ſee that inftead of agreea- 
ble hills, from whence pure ſtreams of waters flow, 
to ſupport the verdure of the earth; inſtead of thoſe 
rich and flourithing countries, where plants and ani- 
mals agreeably find ſubſiſtence; a diſmal fea would 
cover the whole globe, and of all the earth's attri- 
butes there would only remain that of its being an 
obſcure and forſaken planet, at beſt only deſtined for 
the abode of fithes. | 

But independent of the moral neceſſity, which muſt 
ſeldom form a proof in philoſophy, there is one phy- 
fical neceſſity why the earth is irregular on its fur- 
face, and that, becauſe by ſuppoſing it even perfectly 
regular in its origin, the motion of the waters, the 
ſubterraneous fires, the wind, and other exterior cau- 
ſes would have neceſſarily produced irregularities 
ſimilar to thoſe now ſeen. 

The greateſt inequalities are the depths of the 
ocean, compared to the elevations of mountains ; the 
depth 1s very different even at great diſtances from 
land; it is ſaid there are parts above a mile deep, 
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but there are few, and the moſt general profundities 
are from 60 to 150 fathom. The gulphs border- 
ing on the coaſts are much leſs deep, and the ſtraits 
have generally the leaſt depths. 

To ſound the depths of the ſea, a piece of lead of 
30 or 4olb. is made uſe of faſtened to a ſmall cord, 
which is a very good method for common depths : 
but when we would ſound the great depths, we may 
err, and not find the bottom; becauſe, the cord 
being ſpecifically lighter than the water, after it has 
greatly divided it, the volume of the ſounding lead and 


that of the cord weighs no more than as much or leſsthan 


a like volume of water. Hence the plumb deſcends 
no longer, and is removed in an oblique line, by 
preſerving always the fame height; thus to ſound 
great depths an iron chain is required, or ſome other 
matter heavier than water. It 1s very probable that 
tor want of conſidering this point, navigators tell us, that 
the ſea in a great number of places has no bottom. 
In general, the profundities of the high ſeas, in- 
creaſe or diminiſh in a pretty uniform manner, and 
commonly the farther we go from thore the greater is 
the depth ; yet this is not- without exception, and 
there are places in the midſt of the fea where ſhoals 
are found, as at Abrolhos in the Atlantic Ocean; 


there are others where there are banks of a very con- 


ſiderable extent, as the great bank, the bank called 
le Borncur in our ocean, the banks, &c. of the Indian 
Ocean, &c. 

So likewiſe along ſhore, the depths are very un- 
equal, nevertheleſs we may lay it down as a certain 
rule, that the dgpth of the ſea at the ſhore is always 
proportionate to the height of that ſhore ; 1o that if 
the ſhore is very high, the depth will be very great, 
and on the contrary, if the thore is low, and the 
ground flat, the depth is very little, as in great rivers, 
where the high ſhores always announce a great 


depth, 
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It is likewiſe eaſier to meaſure the heights of moun- 
tains than the depths of the ſea, whether by means of 
practical geometry, or by the barometer. This in- 
ftrument may give the height of a mountain very ex- 
actly, eſpecially in a country where its variation is 
not conſiderable, as at Peru and under the other parts 
of the equator ; by one other of theſe means, the 
height of moſt eminences have been meaſured ; for 
example, it has been found that the higheſt moun- 
tains of Switzerland are about 1600 fathom above the 
leyel of the ſea more than Canigou, which is one of 
the higheſt mountains of the Pyrenees, and it appears 
that they are the higheſt in Europe, ſince a great 
quantity of rivers flow from them, which carry their 
water into very remote and different ſeas, as the Po, 
which flows into the Adriatic, the Rhine which loſes 
itſelf in the ſands in Holland, the Rhone which falls 
into the Mediterranean, and the Danube which goes 
to the Black Sea. Theſe four rivers, whoſe mouths 
are ſo remote from each other, all derive a part of their 
waters from Mount Saint Godard and the neighbour- 
jag mountains, which proves that this part is the 
higheſt in all Europe. - 

The higheſt mountains in Afia are Mount Taurus, 
Mount Imaus, Caucaſus, and the mountains of Japan ; 
all theſe mountains are loftier than thoſe of Europe: 
the higheſt mountains in Africa, 1. e. the great At- 
las, and the mountains of the moon, are at leaſt as 
high as thoſe in Aſia, and the higheſt of all are in 
South America, particularly thoſe of Peru, which 
are more than $ooo fathom high, above the level of 
the fea. In general the mountains ꝓetween the tro- 
Pics are loftier than thoſe of the temperate zones, and 
theſe more than thoſe of the frigid zones, fo that the 
nearer we approach the equator, the greater 
are the inequalities of the earth : theſe inequalities, 
altho very conſiderable with reſpect to us, are no- 
thing when conſidered with reſpect to the terreſtrial. 

ET RN © ea globe, 
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globe. Three thouſand fathom difference to 3000 
miles diameter, is one fathom to a mile, or one foot 
to 2300 ſect, which on a globe of 24 feet diameter, 
does not make the 6th part of a line. Thus the 
earth, which appears to us croſſed and cut by the 
enormous height of the mountains, and by the fright- 
ful depth of the ſea, is nevertheleſs, relatively to its 
volume, only very ſlightly furrowed with irregulari- 
ties, ſo very trifling, that they can cauſe no differ- 
ence to the tigure of the globe. "i" 

In continents the mountains are continued, and 
form chains. In iflands they appear to be more in- 
terrupted and ifolated, and generally raiſed above the 
ſea, in form of a cone or pyramid, and are called 
peaks. The peak of Teneriffe is one of the higheſt 
mountains on the earth; it is near a mile and a half. 
high perpendicular from the level of the ſea; the 
peak of St. George in one of the Acores; the peak of 
Adam in the iſland of Ceylon 1s alſo very lofty, All 
theſe peaks are compoſed of rocks, heaped one upon 
the other, and they vomit from their ſummits tire, 
cinders, bitumen, minerals, and ſtones, There are 
even iſlands which are preciſely only as tops of 
mountains, as the iſland of St, Helena, Aſcenſion, 
moſt of the Acores, and Canaries; and we muſt re- 
mark, that in moſt of the iſlands, promontories, and 
other projecting lands in the ſea; the middle is al. 
ways the higheſt, and they are generally {eparated b 
chains of mountains, which divide them in their 
greateſt length, as mount Granſbain in Scotland, 
which extends from eaſt to weft, and divides Great 
Britain into two parts; it is the ſame with the iſlands 
Sumatra, Lucon, Borneo, Celebes, Cuba, and St. Do- 
mingo, and alſo Italy, which is traverſed through its 
whole length by the Apenine mountains, &c. 

The mountains as we find differ greatly in height, 
the hills afe the loweſt of all; after them come the 
mountains of a moderate height, which are followed 


by 
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a third rank of mountains ſtill higher, which like the 
precedivg, are generally loaded with trees and 
plants, but which furniſh no ſprings except at the 
bottom; in ſhort, the higheſt mountains are thoſe on 
which we find only ſand, ſtones, flints, and rocks, 
whoſe points often riſe above the clouds; it is exactly 
at the foot of theſe rocks that there are ſmall ſpaces, 
plains, hollows, and kinds of vallies, where the rain, 
ſnow and ice remain, and form ponds, morailes, and 
ſprings, from whence rivers derive their origin. 

The form of mountains is alſo very different; ſome 
form chains whoſe height is very equal in a long ex- 
tent of ſoil, others are cnt by very deep vallies, tome 
are regular, and others appear at firſt ſight as irregu- 
lar as poſſible; ſometimes in the middle of a valley 
or plain, we find a little iſolated mountain; and as 
there are mountains of different kinds, ſo there are 
alſo two ſorts of plains, the one in the low lands, the 
others in mountains. The firſt are generally divided 
by ſome large river; the others, though of a very 
confiderable extent, are dry, and at fartheſt have 
only a ſmall rivulet. Theſe plains on mountains are 
often very high, and difficult of accels; they form 
countries above other countries, as in Auvergne, Sa- 
voy, and many other high places: The foil is 
firm, and produces much graſs, and odoriferous 
plants, which render theſe plains the beſt paſture in 
the world. 

The ſummits of high mountains are compoſed of 
rocks of different heights, which reſemble from a 
diftance the waves of the ſea. It is not on this ob- 
{ervation alone we can rely, that the mountains have 
been formed by the waves, as I only relate it becauſe 
it accords with the reſt : but that which evidently 
Proves that the ſea once covered and formed moun- 
tains, are the ſhells and other marine productions 
found throughout in ſuch great quantities, that it is 
not poſſible for them to have been tranſported by the 
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ſea into ſuch remote continents, and to ſuch conſide- 
rable dephths ; and what ftill proves it are the hori- 
zontal and parallel ſtrata every where met with, and 
which can only have been formed by the waters: 
it is from the compoſition even of the hardeſt matters 
as ſtone and marble, by which we diſcover that the 
matters were reduced | wi owder before the forma- 
tion of theſe ſtones and ee, and that they are preci- 
pitated to the bottom of the water in form of a ſedi- 
ment: it is alſo proved by the exactneſs with which 
ſhells are moulded in theſe matters; it is the inſide 
of theſe thells, which are abſolutely filled with the 
matters in which they are encloſed ; and in ſhort, 
what inconteſtably „ it, are the correſ- 
ponding angles of mountains and hills, which no 


other cauſe than the currents of the * could have 


been able to form; the equality in the height of 
oppoſite hills, and beds of different matters, formed 
there at the ſame height, and the direction of moun- 
tains, whoſe chains extend in length in the ſame di- 
rection, as we ſee the waves of the ſea extend. 
With reſpect to the depths at the ſurface of the 
earth, the greateſt, without contradiction, arethe depths 
of the ſea, but as they do not preſent themſelves to 


our fighr, and as we can only judge of them by the 


plumb line, we only mean to ſpeak of the depths of 
dry land, ſuch as the deep vallies between mountains, 
the precipices between rocks, the abyſſes perceived 
from the tops of mountains, as the abyſs of mount 
Ararat, the precipices of the Alps, the vallics of the 
Pyrenees; thete depths are a natural ſuite of the ele- 
vation of mountains ; they receive the waters, and the 
earth which flow from the mountains, and the ſoil 
is generally very fertile and inhabited. As for the 
precipices which are between rocks, they are formed 
by the ſinking of rocks, the baſe of which ſometimes 
give way more on one ſide than the other, by the 
action of the air and froft which ſplits and di- 
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vides them ; and by the impetuous fall of torrents 
which opens paſſages, and carries along with them 
all that oppoſes their violence. But theſe abyſſes, 
that is to ſay, theſe vaſt and enormous precipices 
found at the ſummit of mountains, and to the 
bottom of which it is not poſſible ſometimes to de- 

ſcend, although they are above a mile or half a mile 
round, formed by the fire. Theſe abyfles were for- 
merly the funnels of volcanos, and all the matter 
which is there deficient, has been ejected by the 
action and exploſion of theſe fires, which are fince 
extinguiſhed through a defect of combuſtible mat- 
ter. The abyſs of mount Ararat, of which M. 
Tournefort gives a deſcription in his voyage to the 
Levant, is ſurrounded with bloek and burnt rocks, 
as one day the abyſſes of Etna, Veſuvius, and other 
volcanos will be, when they have conſumed all th 

combuſtible matters they include. . 

In Plots' natural hiſtory of Staffordſhire, a kind 
of gulph is ſpoken of, which has been founded to 
the depth of 2600 perpendicular feet, without meet- 
ing with any water; nay, the bottom was not found, 
as the rope was not long enough. 

Great cavities and deep mines are generally in 
mountains,. and they never deſcend, to a level with 
the plains; therefore by theſe cavities, we are only 
acquainted with the infide of a mountain, and not 
at all with the internal part of the globe. 

Beſides, theſe depths in fact are not very conſide- 
Table. Ray aſſerts that the deepeſt mines are not 
above half a mile deep. The mine of Cotteberg 
which in the time of Agricola paſſed for the deepeſt 
of all known mines, was only 2500 feet perpendicu- 
lar. It is evident there are holes in certain places, 
as that in Staffordſhire, or Pools Hole in Derby- 
ſhire, the depth of which is perhaps greater, but all 
this is nothing in compariſon of the thickneſs of the 
globe. | 


It 
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If the kings of Egypt, inſtead of having erected 
pyramids, and raiſed ſuch ſumptuous monuments of 
their riches and vanity, had been at the ſame ex- 
pence to ſound the earth, and make a deep excava- 
tion, matters perhaps might have been found, 
which would have amply recompenſed the trouble, 
labour, and expence, or at leaſt we ſhould have recei- 
ved lights on the matters of which the internal part of 
the globe is compoſed, which might be very uſeful, 
and which we at preſent have not. wh 

Bur let us return to the mountains ; the higheſt 
are in the ſouthern countries, and the more we ap- 
proach the equator, the more inequalities we find on 
the ſurface of the globe. This 1s eaſy to prove by a 
ſhort enumeration of the mountains and iſlands. 


In America, the chain of the Cordilliers, the 


higheſt mountains of the earth, is exactly under the 
equator, and extends on the two ſides far beyond 
the circles which include the torrid zone. 

In Africa, the higheſt mountains of the moon, 
and Monomotapa, the great and the little Atlas, 
are under the equator, or not far from it. 

In Afia, mount Caucaſus, the chain of which ex- 
tends under different names, as far as the mountains 
of China, is nearer the equator than the poles. 

In Europe the Pyrences, the Alps, and moun- 
tains of Greece, which are only the ſame chain, are 
{till leſs diſtant from the equator than the poles. 

Now theſe mountains which we have enumerated, 
are all higher, more confiderable and extended in 
length and breadth than the mountains of. the nor- 
thern countries. 

With reſpect to the direction of the chains of 
mountains, we ſhall find that the Alps taken in all 
their extent, form a chain which croſſes the whole 
continent from Spain to China: Theſe mountains 
begin at the ſea coaſt of Galicia, reach to the Py- 
renees, croſs France by the Vivarais, and Auvergne, 
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divide Italy, extend into Germany, and beyond Dal- 
matia, as far as Macedonia, and from thence join 
with the mountains of Armenia, Caucaſus, Taurus, 
Imaus, and extend as far as the Tartarian ſea; ſo 
likewiſe mount Atlas traverſes the whole continent 
of Africa, from weſt to eaſt, from the kingdom of 
Fez to the Strait of the Red Sea, and the mountains 
of the moon have the ſame direction. 

But in America, the direction is quite contrary, 
and the chains of the Cordilliers and other mountains 
extend from north to ſouth more than from eaſt to 
wel... . | | 

What we here obſerve on the great eminences of 
the globe, may allo be obſerved 'on the greateſt 
depths of the ſea. The vaſt and higheſt ſeas are 
nearer the equator than the poles, and there reſults 
from this obſervation, that the greateſt inequalities 
of the globe is in the ſouthern climate. Theſe ir- 
regularities on the ſurface of the globe are the cauſe 
of an infinity of common and extraordinary effects : 
for example, among the rivers of India and the 
Ganges, there is a large peninſula, which is divided 
through its middle by a chain of high mountains 
which 1s called the Gate, and which extend from 
north to ſouth, from the extremities of mount Cau- 
caſus to Cape Comorin; on one of the coaſts is 
Malabar, and the other Coromandel, on the fide of 
Malabar : between this chain of mountaias and the 
ſea the ſummer ſeaſon laſts from September to 
April, during which the {ky is ſerene and dry; on 
the other ſide of Coromandel the above ſeaſon is 
their winter, and it rains every day there plentifully, 
and from the month of April to the month of Sep- 
tember, is their ſummer; whereas it is winter in 
Malabar, inſomuch that in many places, which are 
ſcarcely 20 miles diſtant, we may by crofling the 
mountain change ſeaſons. Ir is ſaid that the tame 
thing is ſeen at W in Arabia, and at Jamaica, 
; « which 
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which is divided through its middle 'by a chain of 
mountains, whoſe direction is from eaſt to weſt, and 
that the plantations to the ſouth of theſe mountains 
feel the ſummer heat, whereas thoſe to the north 
endure the rigour of winter at one and the ſame time, 
Peru, whichis fituate under theline, and whichextends 
about a thouſand miles to the ſouth, is divided into 
three long and narrow parts, which the natives of 
Peru call Lans, Sicras, and Andes The Lanos, 
which are the plains, extend along the coaſt of the 
ſouth ſea ; the Sieras are hills with ſome vallies, and 
the Andes are thoſe famous Cordilliers, the higheſt 
mountains that are known, The Lanos differ ten 
miles more or leſs in breadth ; in many places the 
Sierras are 20 miles broad, and the Andes as many 
more or leſs. The breadth is from eaſt to weſt, and 
the length from north to ſouth. This part of the 
world 1s remarkable for the following particulars. 
iſt, That in the Lanos, the wind conſtantly blows 
from the ſouth weſt, which is contrary to what ge- 
nerally happens in the torrid zone. 2dly, It never 
rains nor thunders in the Lanos, although there is 
ſometimes a little dew falls. gdly, It almoſt con- 
tinually rains in the Andes. Athly, In the Sterras, 
between the Lanos and the Andes, it rains from the 
month of September to the month of April. 

It was for a long time known that the chains of 
the higheſt mountains run from weſt to eaſt, after 
the diſcovery of the new world. Conſiderable ones 
have been formed which run from north to ſouth, 
but no perſon before Mr. Bourguet diſcovered the 
ſurprizing regularity of the ſtructure of thoſe great 
matles : he found, after having crofled the Alps, 
30 times in 14 diffcrent parts of it, twice over the 
Apenine mountains, and made divers tours in the 
environs of theſe mountains, and in mount Jura, 
that all mountains are formed nearly after the man- 
ner of works of a fortification, When the body of the 
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mountain runs from. eaſt. to weſt, it forms promi- 
nences, which face as much as poſſible the north 
and ſouth ; this admirable irregularity is fo ſtriking 
in vallies, that we ſeem to walk in a very regular 
covered way; if, for example, we travel in a 
valley from north to ſouth, we perceive that the 
mountain which is on the right forms projections or 
angles which front the eaſt, and thoſe of the moun- 
tain on the left front the weſt, ſo that notwithſtand- 
ing the faillant angles of each fide reciprocally an- 
{wer the returning angles, which are always alterna- 
tively oppoſed to them. The angles which moun- 
tains form in great vallies are leſs acute, becauſe the 
direction is leſs ſteep, and as they are farther diſ- 
tant from each other; and in plains they are not ſo 
perceptible as in the courſe of rivers, which generally 
take up their elbows ; the middle of them naturally 
anſwer the moſt ſtriking projections, or to the moſt 
adyanced angles of mountains, to which the ground 
where the rivers flow, tend. It is aſtoniſhing ſo 
viſible a thing has not been obſerved, and when in 
a valley the inclination of one of the mountains 
which border it, is leſs ſteep than that of the other, 
the river takes its courſe much nearer the ſteepeſt 
mountain, and does not flow through its middle, 
To theſe obſervations we may join other particu- 
Jar ones, which confirm them ; for example, the 
mountains of Switzerland are much more ſteep, 
and their direction much greater on the ſouthern 
fide than on the north, and greater on the weſtern 
fide than on the eaſtern. This may be perceived in 
the mountain of Gemmi, Briſe, and almoſt every o- 
ther mountain. The higheſt in this country are 
_ thoſe which ſeperate Valicia and the Griſons from 
Savoy, Piedmont and Tirol. Theſe countries are 
a continuation of theſe mountains, the chain ot 
which extends as far as the Mediterranean and con- 
tinues even pretty far under the ſea, The moun- 


rains 
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tains of the Pyrenees are alſo only a continuation of 
that vaſt mountain, which begins in upper Valeha, 
and whoſe braftches extend very far to the weſt and 
ſouth, by always preſerving the ſame great height, 
whereas on the contrarv, on the fide of the north 
and of the eaſt, theſe mountains grow lower by de- 
grces till they become plains. As we ſee by the large 
tract which the Rhine and Danube water before they 
reach their mouths, whereas the Rhine deſcends 
with rapidity towards the ſouth in the Mediterra- 
nean ſea. The ſame obſervation on the inclination 
of the mountains on the weſt and ſouth ſeas, then on 
the north and eaſt, is found to hold good in the 
mountains of England and Norway; but the part of 


the world where this is moſt evidently ſeen is at Peru 


and Chili; the long chain of the Cordilliers is cut 
very ſharply on the weſtern fide, the length of the 
pacific ocean, whereas on the eaſtern fide it lowers by 
degrees into large plains watered by the greateft ri- 


vers of the world. (See Phil. Tranſ. Abr. vol. VI. 


part 11. P. 158.) 

r. Bourguet, to whom weowethisgreatobſervation 
of the correſpondence of the angles ot mountains with 
reaſon terms it, the key of the theory of the earth ;” 
nevertheleſs it appears to me, that if he had con- 
ceived all the importance of it, he would more ſuc- 
ceſsfully have made uſe of it by connecting it with 
ſuitable facts, and would have given a more probable 
theory of the earth ; whereas 1n this diſcourſe, he 
preſents only the ſcheme of a hypothetical ſyſtem, 
moſt of the conſequences of which are falſe or preca- 
rious. The theory we have given, turns on four 
principal facts, which cannot be doubted, after the 
proofs have been examined on which they are foun- 
ded, The firſt is, that the earth 1s every where and 
to conſiderable depths, compoſed of parallel ftrata, 
and matters which have formerly been in a ſtate of 
ſoftneſs: the ſecond is, that the ſca has for ſome 
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time covered the earth ; the third, that the ſhaking 
and other motions of the waters produce inequalities 
at the bottom of the ſea ; and the fourth, that the 
mountains have taken their form and the correſpon- 
dent direction from the currents of the ſea. 

We ſhall judge, after having read the proofs 
which the following articles contain, whether I was 
wrong to aſſert that theſe circumſtances ſolidly eſt- 
bliſhed, alſo eſtabliſnes the truth of the theory of the 
earth. What I have ſaid in the text on the forma- 
tion of mountains, has no need of a more ample ex- 
planation; but as it might be objected that J do not 
give a reaſon for the formation of the peaks or points 
of mountains, no more than of ſome other parti— 
cular circumſtances, I have thought it requiſite to 
add the obſervations and reflections which I have 
made on this ſubject. ; 

I have endeavoured to form to myſelf a clear and 
general idea of the manner in which the different 
matters which compoſe the globe are arranged, and 
it appears to me, that they may be confidered in a 
different manner from that in which they have hi- 
therto been confidered, and Ihave reduced themallinto 
two general claſſes: the firſt is, of thoſe matters 
which we find plaged in ſtrata or beds or banks hori- 
zontally or regularly inclined ; and the ſecond com- 
prehends all matters formed in maſſes in perpendicu- 
larly and regularly inclined veins. In the firſt claſs 
are comprehended ſands, argilaceous earth, gra- 
nate, flints, coals, ſlates, &c. and marls, chalks, 
calcinable ftone, &c. In the ſecond I rank metals, 
minerals, chriſtals, precious ſtones and ſmall flints : 
. theſe two claſſes generally comprehend all known 
matters ; the firſt owe their origin to the ſediments 
carried away and depoſited by the fea ; and we muſt 
diſtinguiſh thoſe which being aſſay ed in the fire, cal- 
cine, and are reduced into lime, from thoſe which 


fuſe 
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fuſe and are reduced into glaſs, excepting thoſe, 
which the fire entirely conſumes by inflammation. 

In the firſt claſs we diſtinguiſh two kinds of ſands, 
the one which I regard as the moſt abundant matter 
of the globe, which is vitrifiable, or rather which is 
only a compound of pieces of glaſs ; the other whoſe 
quantity is much leſs calcinable, and muſt be looked 
upon as the fragments or powder of ſtone, and which 
differs from gravel by the fize of the grains only. 
The vitrifiable ſand is in general depoſited by ſtrata 
like other matters, but, theſe ſtrata are often inter- 
rupted by maſſes of gres, flint and ſometimes theſe 
matters are alſo in banks and large beds. 

By examining this ſand and theſe vitrifiable mat- 
ters, we find only a few ſea ſhells there, and thoſe 
not placed in beds; they are onlydiſperſed therein, and 


as if thrown there by chance. For example, I have | 
never ſeen them in gres ; that ſtone which is very 
plenty in ecrtain places, is only compoſed of ſandy 


parts, which are reunited, and are only met with in 
ſandy ſoil and generally the quarries of gres are in 
peaked hills and in divided eminences. - We may at- 


tack theſe quarries in all directions, and if there are 


beds therein, they are much farther from each 
other than in quarries of calcinable ſtone or mar- 
ble. In the body of the quarry blocks of gres 
are cut of all dimenſions and in all directions 
according as 1s required, and although the gres 
is difficult to work, it nevertheleſs has but a degree 
of hardneſs which is to reſiſt powerful ſtrokes without 
ſplitting : for friction by degrees reduces it cafily 
into ſand, excepting certain blackiſh pieces found 
therein, and which are fo very hard, that the beſt files 
cannot touch them. Rock is vitrifiable as gres and of 
the ſame nature, only it is harder and the parts 
more connected. There are alſo many hard pieces like 
thoſe we ſpeak of, as may eafily be remarked on the 
ſummits of high mountains, which for the moſt part 
are of that kind of rock we cannot walk long with- 
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out perceiving that it cuts and tears our ſhoes. This 
rocky ſtone, which is found at the top of high moun- 
tains, and which I look upon as a kind ae, 
contain a great quantity of talky leafs and are of dif- 
ferent hardneſs to the point of not being worked but 
by an infinite deal of trouble and labour. 

I have narrowly examined the nature of theſe ſharp 
pieces which are found in gres and rock, and have diſ- 
covered it to be a metallic matter melted and calcined 
by a very violent fire, and which perfe&ly reſembles 
certain matter thrown out by the volcanos of which 
I faw a great quantity when I was in Italy, where 
the people called them Srhiarri. They are very hea- 
vy, black maſſes, on which fire, water, nor the file, 
will make any impreſſion, and the matter of which 
is different from that of the Lava; for this is a kind 
of glaſs, whereas the other appears to be more me- 
tallic than vitreous. The ſharp pieces of gres and rock 
reſemble greatly this firſt matter; which ſeems till to 
prove that all theſe matters have been formerly li- 
quified by fire. 

We ſometimes ſee in certain places, on the upper 
parts of mountains, a prodigious quantity of blocks 
of this rock mixed with talky leaves; their poſition 
is ſo irregular, that they appear to have been thrown 
there by chance, and it might be thought they had 
fallen from ſome neighbouring height, if the places 
where they are found were not raiſed above the other 
parts. But their vitrifiable and their angular and 
ſquare figure like that of the rocks of gres, diſco- 
vers them to be of one common origin. Thus in the 
great beds of vitrifiable ſand, blocks of gres and 
rock are formed, whoſe figure and fituation do not 
exactly follow the horizontal poſition of. theſe ſtrata, 
by degrees the rain carried away from the ſummit of 
the hills and mountains the fand which at firſt covered 
them, and they began to furrow and cut thoſe hills into 
the ſpaces which are found between the nucleus of gres, 


as 
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as the hills of Fontaiubleau are cut. Each hilly 
point anſwers to a quarry of gres, and each in- 
terval has been excavated and loofened by the 
water, which has cauſed the ſand to flow into 
the plain, ſo likewiſe the higheſt mountains, 
whoſe ſummits are compoſed of rock and ter- 
minated by - theſe angular blocks, have formerly 
been covered by many ſtrata of vitrifiable ſand in 
which theſe blocks have been formed, and the 
rain having ſwept away the ſand which covered 
them, they remained on the top of the mountains 
in the poſition they were formed in, Theſe blocks 
generally preſent points; they increaſe in ſize in pro- 
portion as they deſcend, one block often joins ano- 
ther by the baſe ; this ſecond, a third, and ſo on, 


leaving irregular intervals between them, and as 


* 


in time the rain waſhed away all the ſand 
which covered theſe different parts on the top 
of the high mountains, they remained naked, 
forming larger or leſſer points, and this is the 
origin of the peaks or horns of mountains. 

For ſuppoſing, as it is eaſy to prove by the ma- 
rine productions we find there, that the chain of the 
Alps was formerly covered by the ſea, and that a- 
bove this chain there was aà great thickneſs of vitri- 
fiable ſand, which the ſea had carried and depoſited 
there, in the ſame manner and by the ſame cauſes as 
it has depoſited and carried away into the lower pla- 
ces a great quantity of ſhells, and by confidering 
this external ſtrata of vitrifiable ſand as firſt depoſited 
level and forming a flat country of ſand on the top 
of the Alps, when they were covered by the ſea. 
There will be formed in this depth of ſand, 
rocks, gres, flint, and all matters which take 
their origin and figure in ſand by a mechaniſm near- 
ly fimilar to that of the chriſtalliſation of ſalts. "Theſe 
once formed will have ſupported the points where 
they are found, and the rain will, by degrees, 
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have looſened all the intermediate ſand, as well as 
that which ſurrounded them. The torrents and rivu- 
lets by ruſhing precipitately from the top of theſe 
mountains, will have waſhed away theſe ſands in- 
to the valleys and plains, and will have conveyed a 
part as far as the ſea. In this manner the ſummits 
of mountains have been left bare, and the na- 
ked rocks, &c. have appeared throughout their whole 
height. Theſe are what weat preſent call the peaks 
of mountains, and what has formed all thoſe pointed 
eminences we ſee in ſo many places. This is alſo 
the origin of thofe high and iſolated rocks ſeen in 
China and other parts, as in Ireland where they are 
called the Devil's Stones, and whoſe formation as 
well as that of the peaks of mountains, had always 
appeared difficult to explain; nevertheleſs the ex- 
planation which I give is ſo natural, that it directly 
preſented itſelf to the mind of thoſe who have ſeen 
theſe .rocks, and I muſt here quote what Pere de 
Tartre ſays in his cdifying letters, “ From Yanchu- 
in- Lew we came to Ho-tcheou, and on the road met 
with ſomething particular: i. e. rocks of an extraor- 
dinary height, of the ſhape of a large ſquare 
tower, and ſituate in the midſt of vaſt plains ; 
it is not known how they came there, if they were 
not. formerly mountains, from which the rain hav- 
ing waſhed aw ay the carth which ſurrounded them, 
have left them in this ſituation. What ſtrengthens 
the conjecture is, that we ſaw ſome which towards 
the baſe are ſtill covered with carth to a certain 
height. a 

The ſummit of the higheſt mountains is thereſore 
compoſed of rocks, many kinds of granate, gres 
and other hard and vitrifiable matters, and this often 
as deep as two or three fathom; aſter which 
we often meet with quarries of marble or hard ſtone 
filled with ſhells, and whoſe matter 1s calcinable, as 
may be . remarked at Great Chartreuſe in Dau— 
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phiny and on mount Cenis, where the ſtone and mar- 
ble which contain ſhells, are ſome hundred fathom 
below the ſummits, points and peaks of the higheſt 
mountains, although theſe ſtones filled with ſhells, 
are themſelves at more than a thouſand fathom above 
the level of the fea. Thus mountains whercon we 
ſee points or peaks, are generally vitrifiable rock, 
and thoſe whoſe ſummits are flat, moſtly contain 
marble and hard ſtones filled with marine producti- 
ons. It is the ſame with gres or rock, they are moſt- 
ly interſected with points, eminences, earth and ca- 
vities : depths and ſmall intermediate valleys, on 
the contrary, thoſe which arc compoſed of calcina- 
ble ſtone are nearly equal in height. 'They are on- 


ly interrupted by greater and more regular valleys, 


whoſe angles are correſpondent, At laſt, they are 
crowned with rocks whoſe poſition is regular and 
level. 

Whatever difference which may appear to us at 
firſt between theſe two forms of mountains, they ne- 
vertheleſs both proceed from the ſame cauſe, as we have 
already obſerved; only it muſt be remarked, that theſe 
calcinable ſtones have not undergone any alteration 
nor change, ſince the formation of the horizontal 
ſtrata, whereas thoſe of vitrifiable ſand, have been 
changed and interrupted by the poſterior production 
of rocks and angular blocks formed within this 
ſand. Theſe two kinds of mountains have cracks 
which are almoſt always perpendicular in thoſe of 
calcinable ſtones, and which appcar to be a little 
more irregular in thoſe of rock and gres. It is in 
theſe cracks metals, minerals, chriſtals and ſulphurs, 
and all matters of the ſecond claſs are found, and it 
1s below theſe cracks that the water collects to pene- 
trate farther and form veins of water found below the 
furface of the earth. 
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Proors of the THEORY of the EARTH, 
LE X. 
07 Rivers. 
"WE have before ſaid, that generally ſpeaking, the 


greateſt mountains are in the midſt of iflands 
and 63 projections in the ſea. That in the old conti— 
nent the greateſt chains of mountains are directed 
from weſt to caſt, and that thoſe which incline to- 
wards the north or ſouth, are only branches of theſe 
principal chains; we ſhall find likewiſe, that the 
greateſt rivers are directed as the greateſt mountains, 
and that there are but few which tollow the direction 
of the branches of thoſe mountains. To be aſſured 
of this, we have only to look on a globe, 
and trace the old continent from Spain to 
China, We ſhall find by beginning at Spain, the 
Vigo, Douro, Tagos, and Guadiana run from eaſt 
to weſt and the Ebro from weſt to eaſt, and that there 
is not one remarkable river whoſe courſe is directed 
from ſouth-to north or from north to ſouth, although 
Spain is entirely ſurrounded by the ſea on the weſt 
fide, and almoſt ſo on the north. This obſervation 
on the direction of rivers in Spain, not only proves 
that the mountains in this country are directed from 
weſt to caſt, but alſo that the ſouthern land which 
borders on the ſtraits, and that of the ſtraits itſelf, is 
higher than the coaſts of Portugal ; and fo 
likewiſe on the northern coaſt, that the mountains 
of Galicia, the Aſturias, &c. are only a continua- 
tion of the Pyrenees, and that it-is this elevation of 
the earth, as well north as fouth, which does not 
permit the rivers to run into the fea that way. 
It will alſo be icen, by looking on the map of 
France, that there is only the Rhine which is di- 


rected 
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rected from the north to the ſouth, and nearly the 
middle of its courſe from the mountains to Lyon, it 
is directed from the eaſt towards the weſt; but that 
on the contrary, all the other great rivers, as the 
Loir, the Charent, the Garonne and even the Seine, 
have a direction from eaſt to weſt. 

lt will be likewiſe perceived, that in Germany 
there is only the Rhine which like the Rhone, ſhapes 
the greateſt part of its courſe from ſouth to north, 
but that the others, as the Danube, the Drove. 
and all the great rivers which fall into - theſe 
floods flow from the weſt to caſt into the black ſea. 

It will be perceived that this black ſea, which 
mult rather be conſidered as a great lake than a ſea, 
has almoſt three times more extent from eaſt to weſt 
than from ſouth to north, and that conſequently its 
poſitions is ſimilar to the direction of rivers. in ge- 
neral ; that it is the ſame with the Mediterranean 
ſea, whoſe length from eaſt to weſt is about fix times 
greater than its mediate breadth, taken from north 
to ſouth. 

In fact, the Caſpian ſea, according to the chart 
which has been drawn by the order of Czar Peter, 
has more extent from the ſouth to the north, than from 
eaſt to weſt ; whereas in the ancient maps it was al- 
moſt found broader from eaſt to weſt than from 
ſouth to north; but if we conſider that the lake Aral 
may be regarded as having been a part of the Calpian 
ſea, from which it 1s ſeperated only by plains of 
ſand, we ſhall find alſo that the length from the 
weſtern coaſt of the Caſpian ſea as far as the oriental 
border of Lake Aral, 1s greater than the length 
from the ſouthern coaſt to the northern coaſt of the 
lame ſca. 

So likewiſe we ſhall find, that the Euphrates and 
the Perſian gulph, are directed from caſt to weſt, 
and that almoſt all the rivers in China run from weſt 
to eaſt ; it is the ſame with all the rivers in Africa 
beyond Parbary ; they all flow from eaſt to weſt, and 


from 
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from weſt to eaſt, and there are only the rivers of Bar- 
bary and the Nile, which flow from ſouth to north. 
In tact, there are great rivers in Aſia, which partly 
run from north to ſouth, as the Volga, the Don, &c. 
but by taking the whole length of their courte, we 

ſhall find that they only turn from the ſouth, to run 
into the Black and Caſpian Sea, which may be called 
only inland lakes. | 
It may therefore in general be ſaid, that in 
Europe, Afia, and Africa, the rivers, and other 
Mediterranean waters, extend more from the eaft 
to the weſt than from north to ſouth, which pro- 
ceeds from the chains of mountains being for the 
moſt part ſo directed, and that in other reſpects the 
whole continent of Europe and Aſia is broader in this 
direction than the other; for there are two modes of 
conceiving this direction. In a long and narrow con- 
tinent like South America, in which there is only one 
principal chain of mountains, that is to ſay, from eaſt 
to weſt, or from weſt to eaſt; in fact, it is in this 
direction all the rivers of America flow, becauſe, ex- 
cepting the Cordillieros, there are no very extenſive 
chains of mountains, and none whoſe directions are 
parallel to them. In the old as well as the new 
Continent, moſt of the waters have their greateſt 
extent from weſt to eaſt, and moft of the rivers flow 
in this direction, which is cauſed by another reaſon, 
i. e. that there are many long chains of mountains 
parallel to each other, whole direction is from weſt to 
eaſt, and becauſe the rivers and other ftreams are ob- 
liged to follow the intervals which divide theſe chains 
of mountains, conſequently one fingle chain of moun- 
tains, directed from north to ſouth, will produce 
rivers, whoſe direction will be the ſame as that of 
thoſe which iſſued from many chains of mountains, 
whoſe common direction is from eaſt to weſt, and it 
is for this particular reaſon, that the rivers of America 
have this direQion in common with thoſe of Europe, 
Africa, and Alla. 
| 1 
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In general, rivers run through valleys, or rather 
the loweſt part of the ground betwixt two oppoſite hills 
or mountains; if the two hills on each fide of a river 
have each nearly an equal inclination, the river will 
nearly be in the middle of the intermediate valley. 
Let this valley be broad or narrow, if the inclination 
of the hills or highlands on each fide of the river, is 
equal, the river will be in the middle of the valley : 
on the contrary, if one of the hills has a more ſteep 
inclination than the oppofite hill, the river will not 
be in the middle of the valley, but much nearer the 
hill whoſe inclination is greateſt, and this is the rea- 
ſon why the river is alſo nearer it. In all places 
where there are mountains and very ſteep hills on 
one fide of a river, and on the other high land with gentle 
aclivities, we ſhall always find that the river flous at the 
foot of theſe ſteep hills, and that they follow them 
throughout all their directions, without quitting them, 
until they meet other hills on the oppoſite fide, whoſe 
inclination is confiderable enough to admit the loweſt 
part of the ground to be farther diſtant from the ſteep 
hill than it was before. It generally happens by 
length of time, the inclination of the ſteepeſt hill di- 
minithes, becauſe the rain waſhes away the earth in 
a greater quantity, and with more violence on a ſteep 
inclination than on a gentle one. The river then is 
conſtrained to change its bed, and ſeek the loweſt part 
of the valley; to this may be added, that as all ri- 
vers enlarge from time to time, they tranſport and 
depofic mud and dirt in ditferent places, and that 
often ſands accumulate in their beds, and cauſe a 
reflux of the water, which changes its direction. It 
is very common to meet with a great number of the 
od beds of the river in plains, particularly if it is 
{ſubject to frequent inundations, and carries off much 
{and and dirt. | 

In plains and large vallies where there are great 
floods, the bed is generally, the loweſt part of the 
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valley, but the ſurface of the water is very often 

higher than the ground adjacent to the borders of the 
river. Let us ſuppoſe, for example, that the ſhores 

and water are level, and that the water ſoon after be- 

gan to overflow, the plain will preſently be inundated 
to a conſiderable breadth, and it will be obſerved 
that the borders will be inundated the laſt, 
which proves that they are higher than the reſt 
of the ground, ſo that on each fide the river, from 
the banks to a certain part of the plain, there is an 
inſenfible inclination, a kind of inclination which 
cauſes the ſurface of the water-to be higher than the 
plain, particularly where the river is full. This ele- 
vation on the banks of rivers proceeds from the de- 
poſit of the mud of inundations: the water is commonly 
very muddy in the great ſwellings of rivers; when it 
begins to overflow, it flows very gently over the 
banks, and depoſits the mud contained therein, and 
as we may ſay, depurates' itſelf, in proportion as it 
runs farther into the plain; ſo alſo all the foil which 
the current of the river does not carry along, is de- 
poſited on the banks, which raiſes them by degrees 
above the reſt of the plain. 

Rivers, as is well known, are always broadeſt at 
their mouths; in proportion as we advance in the 
country, and are more remote from the 1ea their 
breadth diminiſhes; but what is more remarkable, 
and poſſibly leſs known, is, that in the inland parts, 
they flow in a direct line, but in proportion as the 
approach their mouths, the ſinuoſities of their courſe 
increaſes. I have been informed by M. Fabry, a 
ſenſible traveller, who went ſeveral times by land in to 
the weſtern part of North America, that travellers and 
even the ſavages themſelves are ſeldom deceived on 
the diftance they are from the ſea; they follow the bank 
of a large river, and when the direction of the river is 
ſtrait for 15 or 20 miles, they judge themſelves to 
be at a great diſtance from the ſea; but on the con- 

trary 
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trary if the river winds and often changes its direc- 
tion, they are certain of not being far from the ſea: 
Mr. Fabry has himſelf verified this remark, in his 
travels over that unknown and almoſt uninhabited 
country. There is ſtill another remark which ma; 
be uſetul in like caſes, which is, that in large ri- 
vers, there is a confiderable eddy along the banks, 
which is ſo much the more confiderable, as the river 
is leſs remote from the ſea, and as the bed of the 
river 1s broader, which may alſo ſerve as a guide to 
judge whether we are at a great or ſhort diſtance from 
the mouth, and as the windings of rivers increaſe 
in proportion as they approach the ſea ; it is not ſur- 
prizing that ſome of theſe windings opening, form 
mouths, by which a part of the waters get to the ſea, 
and this is one reaſon why great rivers generally di- 
vide into many arms to gain the ſea. 

The motion of the waters in the courſe of rivers, is 
made in a quite different manner from that ſuppoſed 
by authors who attempt to give mathematical theo- 
ries on this matter: not only the ſurface of a river in 
motion is not level when taken from one bank to the 
other, but even, according to circumſtances, the 
current which is in the middle 1s conſiderably higher 
or lower than the water cloſe to the banks; when a 
river {wells all of a ſudden by the melting of ſnow, 
or when by ſome other cauſe its rapidity is aug- 
mented, if the direction of the river is ftrait, the 
middle of the water where the current is, riſes, and 
the river forms a convex curb, or a very ſenſible ele- 
vation, the higheſt point of which is in the middle of 
the current, This elevation is ſometimes very con- 
ſiderable, and M. Hupeau, an able engineer of 
Bridges, told me he had once meaſured the difference 
of the level of the water on the banks of the Aviron, 
and of that of the current or middle of the faid ri- 
ver, and had found the difference to be three feet, ſo 
that the middle of the Aviron was three feet higher 


E than 


34 NATURAL HISTORY 


than near the bank. This, in fact, muſt happen every 
time the water has a very great rapidity; the velocity 
with which it is carried diminiſhing the action of its 
weight; the water which forms the current is not in 
equilibrium throughout its whole weight with the wa- 
ter which is near ſhore, which cauſes it to be 
higher. On the other hand, when rivers approach 
their mouths, it very often happens that the water 
which is near the banks is higher than that of the 
middle ; although the current 1s rapid, the river then 
appears to form a concave curb, whoſe loweſt point 1s 
in the ſtrongeſt part of the current. This happens 
every time that the action of the tide is felt in a 
river. It is known, that in great rivers the motion 
of the waters occaſioned by the tide is inſenſible at 
1 or 200 miles from the ſea ; it is alſo known, that the 
current of a river preſerves its motion in the middle of 
the ſea to a confiderable diſtance ; there is in this caſe 
therefore two contrary motions in a river, the mid- 
dle which forms the current precipitates itſelf towards 
the ſea, and the action of the tide forms a counter- 
current, which cauſes the water near the banks to aſ- 
cend, while that in the middle deſcends, and as 
then all the water in the river muſt paſs by the cur- 
rent in the middle; that of the banks continually de- 
ſcends thereto, and deſcends fo much the more as it 
is higher, and counteracted with more force by the 
tide, 

There are two kinds of ebbings in rivers, the firſt, 
above-mentioned, is a ſtrong power like that of the 
ſea in tide, which not only oppoſes itſelf as an obſta- 
cle to the motion of a river, but as a body in motion, 
and in motion contrary and oppotite to that of the cur- 
rent of a river; this forms a counter-current ſo much 
the more ſenſible as the tide is ſtronger; the other 
kind of ebbing has only a dead force for its cauſe, as 
a projection of land, the bed of a river, &c. As this 
does not commonly occaſion a very ſenfible current, 

yet 
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yet it is ſufficient to be perceived, and even to tire 
thoſe who have the management of craft, boats, &c. 
if this kind of ebbing does not alway form a counter- 
current, it neceſſarily produces what is called a 
morte, i. e. ſtill waters which do not flow like the reſt 
of the river, but which whirl in ſuch a manner, that 
when boats are drawn therein, they require great 
ſtrength to get them out. 

Theſe are very perceptible at the arches of bridges 
in rapid rivers. The velocity of the water increaſes 
as is known, in proportion as the diameter of the 
channel through which it paſſes diminiſhes, the im- 
pelling force being ſuppoſed the ſame ; the velocity 
ofa river therefore increaſes at the paſſage ofa bridge, 
in an inverted ratio of the ſum of the breadth of the 
arches to the whole breadth of the river; the augmen- 
tation of the rapidity of water being therefore very 
confiderable in coming through the arch, that which 
is on the eaſt fide is drove laterally and againſt the 
banks of the river, and by this re-action a ſtron 
whirling motion is formed. When we go through 
the bridge St. Eſprit, the men are forced to be care- 
ful not to loſe the ſtream, even after they are paſt 
the bridge, for if they ſuffer the boat to go either 
to the right or left, it might be drove againſt the 
ſhore with great danger, When this eddy cauſed 
by the current, and the oppoſite motion of the wa— 
ter is very conſiderable, it forms a kind of ſmall 
gulph, and in rapid rivers we often ſee at the fall of 
the water, below the ſtarlings of a bridge, that 
ſmall gulphs or whirl-pools are formed, the middle 
of which appears hollow and to form a kind of cy- 

lindrical cavity, around which the water whirls 
with rapidity : this appearance of cylindrical ca- 
vity 1s produced by the centrifugal force, which 
cauſes the water to endeavour to reniove itſelf from 
the center of the whirlpool, 


When 
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When a great ſwell of water happens, the was 
termen perceive it by a particular motion ; they then 
ſay- that the river mouve de fond, i. e. the water at 
the bottom flows quicker than common: this 
augmentation of rapidity at the bottom, according to 
them, always announces a ſudden riſe of the water, 
The motion and weight of the upper water com- 
municates this motion to them; for in certain reſ- 
peas, we muſt conſider a river which is contained 
and flows in its bed, as a pillar of water contained in 
a tube, and the whole ſtream as a very long canal, 
where every motion mult be communicated from 
one end to the other, Now, independent of the 
motion of the upper waters, their weight alone 
might cauſe the rapidity of the river to increaſe, 
and perhaps move it at bottom : for it is known, 
that by putting many boats at one time into the wa- 
ter, at that inſtant we increaſe the rapidity of the 
under part of the river as well as retard that of the 
upper. 

The rapidity of running waters, dren not exactly, 
nor even nearly follow, the proportion of inclination, 
One river whoſe inclination is uniform and double 
that of another, ought according to _ appearance, 
to flow only as rapid again, but in fact, it flows 
much faſter. Its rapidity inſtead of being doubled, 
is either triple or quadruple, &c, This rapidity de- 
pends much more on the quantity of water and the 
weight of the upper water than on the 1aclination, 
and when we are deſirous to hollow the bed of a ri— 
ver, &c. we muſt not equally diſtribute the incli- 
nation throughout its whole length, it is neceſſary, in 
order to give more rapidity to the water, to make 
the inclination much ſtronger at the beginning, than 
at the mouth where it muſt be almoſt nſcafibie; as 
we fee it in rivers; when they approach towards 
their mouths the inclination is but trifling, and yet 
they 
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they till preſerve a rapidity ſo much the greater as 
the river is fuller of water, ſo that in great rivers, 
where the ground is level, the water does not ceaſe 
flowing, and even rapidly, not only by the acquired 
velocity, but allo by the action and weight of the 
upper waters. To render this truth better conceiva- 
ble, let us ſuppoſe that the part of the Seine between 
the Pontneuf and Pont royal was perfectly level and 
ten feet deep throughout: let us then for a moment 
ſuppoſe, that we could inſtantaneouſly leave the bed 
of the river below Pont- royal and above Pont- neuf 
entirely dry, then the water between theſe two bridg- 
es, although we have ſuppoſed them perfectly level, 
will Gow on the two fides, and will continue to flow 
till it is exhauſted ; for although it is level, as it is 
loaded with a weight of ten foot water, 1t will flow 
trom the two ſides with a rapidity proportionable to 
its weight, and this rapidity diminiſhing as the quan- 
tity of water diminiſhes, it will only ceaſe flowin 
when it ſhall have ſunk to the level of the bottom; 
the weight of water therefore greatly contributes to 
its velocity, and this is the reaſon that the greateſt ra- 
pidity of the current, is neither at the ſurface nor at 
the bottom of the water, but nearly in the middle of 
its depth, becauſe it is produced by the action of its 
weight, which is at its ſurface, and by the re · action 
of the bottom. There is even ſomething more, which 
is, that if a river had acquired a very great rapidity, 
it might not only preſerve it by patling over a level 
ground, but even it would be in a ſtate of ſurmount- 
ing an eminence without ſpreading much on both 
files, or at leaſt without cauſing a great inundation. 
We might be inclined to think that bridges, 
locks, and other obſtacles raiſed on rivers, conſi- 
dcrably diminiſhes the whole velocity of the water's 
courſe, nevertheleſs that cauſes but little difference. 
Water riſes on meeting with the ſtarling of a bridge; 
this elevation cauſes it to act the more by its weight, 


the 
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the which augments the velocity of the current be- 
tween the piles, ſo much the more as the piles are 
broader and the arches narrower, ſo that the retard- 

ment which theſe obſtacles cauſe to the total velo- 
city of the water's courſe, is almoſt inſenſible. The 
ſmuoſities, projections and iſlands likewiſe but very 
little diminiſh the like velocity: but what produces 
a very confiderable diminution, is the finking of the 
water, as, on the contrary the augmentation of the 
volume of water increaſes this velocity more than any 
other cauſe. 

If rivers were nearly of an equal fulneſs, the 
beſt means of diminiſhing the velocity of the water 
and confining them, would be to enlarge the chan- 
nel: but as almoſt all rivers are ſubject to increaſe 
and diminiſh, to confine them therefore we muſt re- 
trench the channel, becauſe in ſhallow waters, if the 

channel is very broad, the water which paſſes in the 
middle, hollows a bed there, forms ſinuoſities, and 
when it begins to ſwell, follows the direction it 
took in this particular bed. It ſtrikes forcibly a- 
gainſt the banks of the channel, deſtrovs them and 
does great injuries. Thele effecis of the water's fury 
might in ſome meaſure be prevented, by making at 
particular diſtances ſmall gulphs in the earth,-4. e. 
by carrying the ground of one of theſe banks to a 
certain diſtance in the land; in order that theſe gulphs 
might be advantageouſly ol; aced, they muſt be made, 
in the obtuſe angle ot the finuoſitics of the river, 
for then the current of the water turns and whirls 
in theſe little gulphs, which diminithes the velocity 
of it. This mode might perhaps be very proper to 
prevent the fall of bridges in places where it is not 
poſſible to make bars near the bridge which 
ſuſtain the action of the weight of the water. The 
gulphs we mention diminiſhes its current; thus both 
would nearly produce the fame effect, i. e. the di- 
ninution of velocity, 
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The manner in which inundations are made merit 
a peculiar attention ; when a river ſwells, the velo- 
city of the water always increaſes more and more till 
the river begins to overflow, at that inſtant, the 
velocity of the water diminiſhes, which cauſes that 
the overflowing once begun, an inundation always 
enſues, which remains for ſeveral days; for when 
even a leſs quantity. of water comes after the over- 
flowing than before, the inundation will ſtill be made, 
becauſe it depends much more on the velocity of 
the water, than -on the quantity which comes 
thereto ; if it was not ſo, we ſhould often find rivers 
overflow for an hour or two and then return to their 
beds, which never occurs, the inundation always re- 
maining for ſeveral days, whether the rain ceaſes or 
a leſs quantity of water is brought, becauſe the over- 
flowing has diminiſhed the velocity, and that con- 
ſequently the like quantity of water being no lon- 
ger carried in the ſame time as before, is as if a 
greater quantity had came there, It might be re- 
marked on the occaſion of this diminution, that if a 
conſtant wind blows againſt the current of the river, 
the inundation will be much greater than it would 
have been without this accidental cauſe, which di- 
miniſhes the velocity of the water : as on the con- 
trary, if the wind blows in the ſame direction which 
the current of the river follows, the inundation will 
be much lefs, and will more readily diminiſh. (See 
M. Granger on the overflowing of the Nile. 
The {welling of the Nile and its inundations has 
a long time employed the learned ; moſt of them have 
only looked upon as marvellous the moſt natural 
things, and what is every day to be ſeen in 
every country throughout the world. It is the rain 
which falls in Abyſſinia and Ethiopia which cauſe the 
ſwelling and inundation of that river, though the 
north wind muſt be regarded as the primitive cauſe, 
iſt, Becauſe it drives the clouds which convey this rain 
-- =__ 
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from the coaſt of Abyſſinia: 2dly; becauſe blowing 
againſt the two mouths of the Nile, it cauſes the wa- 
ters to return againſt the ſtream and thus prevents 
them from pouring into the ſea in too great a quan- 
tity : this circumſtance may be every year relied on, 
when the wind being at the north, and ſuddenly veer- 
ing to the ſouth, the Nile in one day loſes what it 
gathered in four. 

Inundations are generally greater in the upper 
parts of rivers than in the lower parts, and thoſe near 
their mouth, becauſe all things being equal elſewhere, 
the velocity of a river continues always increafing to 
the ſea, and although its inclination generally dimi- 
niſhes ſo much the more as it is nearer the mouth: 
nevertheleſs the velocity is often greater for the rea- 
ſons we have related. Father Caſtelli who has writ- 
ren very ſenſibly on this ſubject, rightly remarks, that 
the height of the banks made to confine the Po, 
diminiſhes towards the ſea, ſo that at Ferrara, which 
is 50 or 60 miles from the ſea, they are near 
20 feet high above the common ſurface of the Po, 
whereas that lower at 10 or 12 miles diſtance they 
are not above 12 fert, although the channel of the 
river is as narrow there as at Ferrara, (See Racolta 
d'autori che trattanc del motto dell' acque, vol. 1, 
Page 123. 

On the whole, the theory of the motion of run- 
ning waters is {till ſubject to many difficulties and ob- 
ſcurities, and it is very difficult to lay down. particu- 
lar rules which might be applied to every particular 
caſe, Experience is here more neceſſary than ſpecu- 
lation. We muſt not onlv know by experience tho 
general effects of rivers, but we muſt alſo know in 
particular the river we have to do with, if we would 
reaſon juſtly, and make uſeful and durable work. 
The remarks I have above given are mofily new: 
it is to be withed that many and fimilar obſervations 
were collected; we might pofſibly come at the height 

| of 
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of this matter; and lay down certain rules to confing 
and direct rivers, and prevent the ruin of bridges, 
locks, and other damages which the violent 
impetuoſity of the water cauſes. 

The greateſt rivers in Europe are the Volga, which 
is about 650 miles in its courſe from Reſchou to Aſ- 
tracan, on the Caſpian Sea ; the Danube, whoſe 
courſe is about 450 miles from the mountains of Swit- 
zerland to the Black Sea; the Don, which is 400 
miles in courſe from the ſource of Soſna which it re- 
ceives, to its mouth in the Black Sea; the Nieper, 
whoſe courſe is about 350 miles, and which flows 
into the Black Sea; the Duine, which is about 300 
miles in its courſe, and goes into the White Sea, 
&c. 

The greateſt rivers in Aſia are the Hoanho of 
China, whoſe courſe is 8 30 miles, taking its ſource 
at Raja-Ribron, and which falls into the ſea of 
China, in the middle of the gulph Changi: the je- 
niſca of Tartary, which is about 800 miles extent, 
from the lake Selinga to the northern Sea of Tar- 
tary, the river Oby, which is about 600 miles from 
25 6 Kila to the Northern Sea, beyond the ſtrait of 
Waigats. The river Amour of eaſtern Tartary, which 
is about 575 miles in courſe, reckoning it from the 
ſource of the river Kerlon, which falls into it there, 
to the ſea of Kamtſchatka, where its mouth is. The 
river Menancon, whoſe mouth is at Poulo Condor, 
and which may be meaſured from the ſource of Long- 
mu which falls into it; the river Kiam, whoſe courſe 
is about 550 miles, meaſuring it from the ſource of 
the river Kina, which it receives, to its mouth in the 


China Sea : the Ganges is alſo about 550 miles, and 


the Euphrates 5300, taking it from the ſource of the 
Irma, which it receives. The Indus about 400 miles, 
and which falls into the Arabian Sea, at the weſtern 
part of Guzarat. The Sirderoius, which 1s about 

400 miles long, and falls into Lake Aral. | 
. VI. F The 
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The greateſt rivers in Africa are Senegal, which 
is 1125 miles long, comprehending the Niger, whith 
in fact is only a continuation of it, and by going back 
with the Niger to the ſource of Gombarou, which 
falls into the Niger. The Nile 970 miles long, and 
which derives its fource in upper Ethiopia, where it 
makes many windings, There are alſo the Zaire and 
the Coanza, which is known as far as 400 miles, but 
which extends much farther into the Monoemugi: the 
Couama, of which about 400 miles is alſo known, and 
which comes farther from the country of Camera. The 
Quilmanci, whoſe entire courſe is 400 miles, and 
which derives its ſource in the kingdom of Gingiro. 

The greateſt rivers of America, and whch are alſo 
the greateſt in the world, are the river Amazonia, 
whole courſe is 1200 miles, if we go up as far as the 
lake near Guanuco, 3o miles from Lima, where the 
Maragnon takes its ſource, and if we go as far as the 
ſource of the river Napo, ſome diſtance from Quito, 
the courſe of the river Amazonia is more than a thou- 
ſand miles. | 

It might be ſaid that the courſe of the river St. 
Laurence in Canada is more than goo miles, from its 
mouth going back to the lake Ontaro and Erio, from 
thence to lake Huron, afterwards to the lake Alemi- 
pigo, and at laſt to the lake Aſſiniboils; the waters 
of theſe lakes falling one into another, and at laſt 
into St. Laurence. 

The river Miſſippi more than 700 miles long from 
its mouth to ſome of its ſources, which are not remote 
from the lake Afliniboils juſt mentioned. 

The river de la Plata more than 800 miles long, 
from the ſource of the river Parana, which it re- 
CELVECS. 

The river Oronoko more than 575 miles in length, 
reckoning from the ſource cf the river Caketa, near 
Paſto, part of which falls into the Orenoko, and flows 
alſo towards the river Amazonia, 
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The river Madera, which falls into Amazonia, 
and is more than 660 or 670 miles. 

To know nearly the quantity of water the ſea re- 
ceives by all the rivers which fall into it, let us 
ſuppoſe that one half of the globe is covered by the 
ſea, and that the other half is land, which is pretty juſt; 
let us ſuppoſe alſo, that the mediate depth of the tea, by 
by taking it throughout its whole extent, at about a 
quarter of a mile from Italy, is 230 fathom, the ſurface 
of all the earth being 1709, that is to ſay, 8012 miles; 
the ſurface of the ſea is 85,490506 ſquare miles, which 
being multiplied by 7 the depth of the ſea, gives 
21,372626 cubical miles for the quantity of water 
contained in the ocean. Now to calculate the quan- 
tity of water which the ocean receives from the ri- 
vers, let us take ſome great rivers whole rapidity and 
quantity of water are known to us: for example, rhe 
Po, which runs into Lombardy, and waters a tract 
of land 380 miles long, according to Riccioli : its 
breadth, before it divides into many mouths to fall 
into the ſea, is 100 perches, and its depth 10 feet: 
its rapidity is ſo great, that it runs four miles an 
hour; therefore the Po ſupplies the ſea with 200 
cubical perches, or 4 millions 800 thouſand in a day; 
but a cubical mile contains 125 millions cubical 
perches ; therefore 26 days 1s required to convey a 
cubical mile of water to the {@a ; it remains there- 
fore now to determine the proportion between the 
river Po, and allthe rivers of the earth taken together, 
which is impoſſible to do preciſely, But to know it 
pretty exactly, let us ſuppoſe that the quantity of wa- 
ter which the ſea receives by the large rivers in all 
countries, is propòrtional to the extent and ſurface of 
theſe countries, and that conſequently the country wa- 
tered by the Po, and other rivers which fall therein, 
is in the ſame proportion on the ſurface of the whole 
earth, as the Po is to all the rivers of the earth. Now 
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by the moſt correct maps, the Po, from its ſource to 
its mouth, traverſes a tract 380 miles long, and the ri- 
vers which fall therein on each ſide, proceed from the 
ſprings and rivers 60 miles diſtant from the 
Po: therefore this great river, and the others it re- 
ceives, waters a tract 380 miles long, and 120 miles 
broad, which makes 45,600 ſquare miles, but the 
ſurface of all the dry land is 85,490506 ſquare miles; 
conſequently all the water which the rivers carry to 
the ſea, will be 1870 times greater than the quantit 
which the Po furniſhes us with; but as 26 rivers like 
the Po furniſhes a cubical mile of water to the ſea 
in a day, 1874 rivers like the Po, would ſupply the 
ſea with 26,308 cubical miles of water in a year, and 
that in the ſpace of 112 years all the rivers would ſup- 
ply the ſea with 21,372626 cubical miles of water ; 
that is to ſay, as much as there is in the ocean, and 
therefore 112 years is only required to fill it. (See 
Ikeil, Examination of Burnet's Theory, 1774, page 
„ 
22 * reſults from this calculation, that the quantit 
of water evaporated from the ſea, and which the 3 
convey on the earth, producing rivulets, ſtreams, and ri- 
vers, is about 245 lines, or from 20 to 21 inches a year, 
or about two-thirds of a line each day; this is a ver 
trifling evaporation when even doubled or trebled, in 
order to eſtimate the water which refalls on the ſea, 
and which 1s not conveyed over the earth, See Halley 
in Phil. Trans, page 192, where he evidently and by 
calculation ſhews, that the vapours which riſe above 
the ſea, and which the winds convey over all the 
earth, are ſufficient to form all the rivers, and to 
contain all the waters which are on the ſurface of the 
earth. : 

Next to the Nile the river Jordan is the moſt con- 
fiderable in the Levant, and even in Barbary; it 
ſupplies the ſea with about fix million tons of water 
every day: all this water and more is raiſed by eva- 
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ration ; for, according to Halley's calculation, we 
find, that the ſea there, which is 72 miles in length 
by 18 broad, muſt every day loſe near nine million 
toas of water by evaporation ; that 1s to fay, not only 
all the water it receives from the river Jordan, but 
alſo thar of the ſmall rivers, which come into it from 
the mountains of Moab and elſewhere ; conſequent] 
it does not communicate with any other ſea by ſub- 
terraneous canals, Ste Shaw's Travels, vel. 11, page 

5 | 
f The moſt rapid rivers are the Tiger, the Indus, the 
Danube, the Yrcws in Siberia, the Malmitra in Sile- 
fia, &c. but as we have in the beginning of this arti- 
cle obſerved, the proportion of the rapidity of rivers 
depends upon two cauſes, 1ſt, the inclination, and 
2dly, the weight and quantity of water, by examining 
which is moſt inclined, we ſhall find, that the Danube 
is much leſs fo than the Po, the Rhine, and the 
Rhone, ſince deriving ſome of its ſources from the 
ſame mountains, the Danube has a much longer courſe 
than any of theſe other rivers, and falls into the Black 
Sea, which is higher than the Mediterranean, and 

erhaps more ſo than the ocean. 

All large rivers receive many others in the extent 
of their courſe; for example, the Danube is reck- 
oned to receive more than 200 rivulets and rivers, but 
by not reckoning what the rivers nearly as large as 
theſe receive, we ſhall find that the Danube receives 
31, the Volga 32, the Don 5 or 6, the Nieper 190, 
the Dreine 11 or 12; and folikewiſe in Aſia the Ho- 
anho receives 34 or 35, the Jenifca 60, the Oby as 
many, the Amour about 40, the Kiam or river Nan- 
guin about 30, the Ganges upwards of 20, the Eu- 
phrates 10 or 11, &c. In Africa the river Senegal 
receives upwards of 20 rivers; the Nile does not 
receive any river for upwards of 500 miles from its 
mouth ; the laſt which falls therein is the Mora, 
and from this place to its ſource it receives about 12 


Or 


| 
l 
| 
| 
: 
| 
: 


46 NATURAL HISTORY. 


or 13 rivers. In America the river Amazonia re- 
ceives more than 60, all of which are very conſide- 
rable ; the river St. Laurence about ge, by reckon- 
ing thoſe which fall into the lakes; th river Miſſippi 
more than 4o, and the river Plata more than go, 
&c. 
There are high countries on the earth which ſeem 
to be points of diviſion, marked by nature for the 
diſtribution of the waters. The environs of mount 
St. Goddard are one of theſe points; another is ſituate 
between the provinces of Belozera and Vologda in 
Muſcovy, from whence rivers deſcend, ſome of which 
go to the White Sea, others to the Black, and ſome 
to the Caſpian. In Atia, the country of Mogul Tar- 
tary, from whence rivers flow, ſome of which run 
into the Calm Sea, or Sea of Nova Zembla, others 
to the Gulph Linchidolin, others to the Sea Corea, 
others to that of China, and ſo likewiſe the Little 
Thibet, whoſe warers flow towards the ſea of China, 
the gulph of Bengal, the gulph of Cambay, the 
lake Aral; in America the province of Quito, which 
ſupplies with waters the South Sea, and the gulf of 


Mexico. | 


In the old continent there is about 430 rivers, 
which fall directly into the ocean, or into the Me- 
diterrancan and Black Sea, and in the new continent, 
ſcarce 180 rivers are known, which fall directly into 
the ſea: on the whole in this number I have. com- 
prehended only the great rivers, like the Somme in 
Picardy. 

All theſe rivers carry to the ſea a great quantity of 
mineral and faline parts, which they have waſhed 
from the different ſoils through which they have 
paſſed, The particles of ſalt which as is known are 
eaſily diſſolved, are conveyed to the ſea by the wa- 
ter. Some phyſicians, and among the reſt Halley, 
have pretended that the faltneſs of the ſea proceeded 
only from the falts of the earth, which the rivers 
tranſport therein, Others aſſert, that the ſaltneſs of 
| the 
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the ſea is as antient as the ſea itfelf, and that this ſalt 
was created only that 1t might not corrupt, but it 
may judiciouſly be ſuppoſed that the ſea 1s preſerved 
from corruption by the agitations of the wind, and 
the flux and reflux, as much as by the ſalt it contains; 
for when it is kept in a barrel, it corrupts in a few 
days, and Boyle relates that a mariner becalmed for 
13 days, found at the end of that time the fea to in- 
fected, that if the calm had not ceaſed, the greateſt 
part of his people on board would have periſhed. Vol. 
3, page 222, The water, of the lea is alſo mixed 
with a bituminous oil, which gives it a diſagreeable 
taſte, and renders it very unhealthful. The quantity 
of ſalt contained in fea water, is about 1-4oth part, 
and the ſea is nearly equally faline throughout at top 
as. well at the bottom, under the line, and at the 
Cape of Good Hope, although there are ſeveral parts 
as on the Moſambaic Coatt, where it is ſalter than 
elſewhere. See Boyle, vol. 3, page 217. lt is alſo 
aſſerted, not to be ſo ſaline under the Arctic Zone, 
which may proceed from the great quantity of ſnow, 
and the great rivers which fall into thoſe ſeas, and 
becauſe the heat of the ſun produces but little evapo- 
ration there, in compariſon of the evaporation which 
is made in hot climates. | 

Be it as it may, I imagine that the true cauſe of 
the ſaltneſs of the ſea are nor only the banks of falt 
at the bottom of the ſea, but alſo the ſalts of the 
earth, which the rivers continually convey therein, 
and that Halley had ſome reaſon to preſume that in 
the beginning of the world, the ſea had but little or 
no ſaltneſs; that it is become ſo by degrees, and in 
- Proportion as the rivers have brought ſalts therein: 
that this ſaltneſs perhaps is every day increaſing, and 
that conſequently he has concluded that by making 
experiments to diſcoyer the quantity of ſalt in a river 
where it reaches the ſea; and that by computing the 
quantity of water brought thereto by all the rivers 

we 
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we ſhould attain the knowledge of the age of the 
world by the degree of the ſaltneſs of the ſea. 

Divers pearl fiſhermen aſſert, according to Boyle, 
that the deeper they deſcend into the ſea, the colder 
is the water; that the cold is even ſo intenſe at a 
conſiderable depth, that they cannot bear it, which 
is the reaſon they do not remain ſo long under water, 
when they deſcend to a great depth, as when they 
deſcend to only a moderate one. It appeared to me 
that the weight of the water might be the cauſe as 
well as the cold, if they deſcended to a very great 
depth, as 3 or 400 fathom ; but in fact divers never 
deſcend above an hundred feet, or thereabouts. 'The 
fame author relates, that in a voyage to the Eaſt- 
Indies, beyond the line at about 35 degrees ſouth la- 
titude, a ſounding lead of 30 or 351b. weight, was 
ſunk to the depth of 400 fathom, and that being 
pulled up again, it had become as cold as ice. It is 
alſo known, that travellers to cool' their wine, fink 
their bottles to the depth of ſeveral fathom, and the 
deeper they are ſunk, the cooler is the wine. | 

All theſe circumſtances might make us preſume 
that the ſea is ſalter at the bottom than at the ſurface ; 
nevertheleſs we have teſtimonies which aſſert the 
contrary: and founded on experiments made to fill 
veſſels with ſea water, which were not unſtopped till 
they were ſunk to a certain depth, but the water was 
found to be no ſalter than at the ſurface, There are 
even ſome places where the water at the ſurface bein 
ſalt, that at the bottom is ſweet, and this muſt always 
be the caſe in thoſe places, where there are ſprings at 
the bottom of the ſea, as near Gou, Ormur, and even 
in the ſea of Naples, where there are hot ſprings at 
the bottom. | 

There are other places where bituminous ſprings, 
and beds of bitumen, have been diſcovered at the 
bottom of the ſea, and on land there are many of 
theſe ſprings which have bitumen mixed with ſea 

Water. 
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water. At Barbadoes there is a pure bitumen ſpring, 

which flows from the rocks to the ſea: ſalt and bitu- 

men therefore, are predominant matters in the ſea, 

but it is alſo mixed with many other matters; for the 

taſte of water is not the ſame in every part of the 

ſea, beſides the agitation and the heat of the ſun al- 

ters the natural taſte, which the ſea ſhould have; and 

the different colours, of different ſeas, at different 

times proves that the water of the ſea contain ſe- 

veral kinds of matters, either which it looſens from 

its own bottom, are brought thither by rivers, 

Almoſt all countries watered by great rivers, are 

ſubject to periodical inundations, particularly thoſe 

which are low, and near their mouths, and rivers 

which derive their ſources from a great diſtance o- 

| verflow the molt regularly. Every perſon almoſt 

1 has heard mention made of the Nile, it preſerves 

the ſweetneſs and whiteneſs of its waters, a great 

way in the ſea. Strabo and other ancient authors, 

have written that it had ſeven mouths, but there now 

remains only two which are navigable, there is a 

third canal which deſcends to Alexandria to fill the 

ciſterns there and a fourth canal which is ſtill ſmal- 

ler, but as they have for a long time neglected to 

clean their canals, they are both choaked up; the 

ancients employed a great number of workmen 

and ſoldiers, and every year, after the inundation, 

they carried away the mud and ſand which was in 

the canals. The caule of the overflowing of the 

Nile proceeds from the rains which falls in Ethiopia. 

They begin in April and do not ceaſe till Septem- 

ber, during the three firſt months, the weather is ſe- 
rene and fair, but as ſoon as the {un goes down, it 

rains till it riſes again, when it is generally accompa- 

nied with thunder and lightning. The inundation 

begins in Egypt about the 15th of June, it general- 

ly increaſes during 40 days, and diminithes in a- 

bout the ſame time: all the flat country of Egypt is 

Yor. VI. G inun- 
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innundated: but this inundation is much leſs now 
than it was formerly, for Herodotus, tells us that 
the Nile was 100 days in ſwelling and as many in 
_ abating : if this is true, we can only attribute the 
cauſe thereof, to the elevation of the land, which 
the mud of the waters has heightened by degrees, 
and to the dimination of the mountains in Africa, 
from whence it derives its ſource ; it is very natural 
to imagine, that theſe mountains have diminiſhed, 
becauſe the abundant rains which fall in theſe cli- 


mates during half the year, ſweep away the ſand 
and earth from the mountains into the vallies, from 


whence the torrents waſh them away into the Nile, 


which carries a good part into Egypt, where it de- 
poſits them in its oveflowings. 


The Nile is not the only river whoſe inundations : 


are periodical and annual, the river Pegu, is called 
the Indian Nile, becauſe it overflows regularly every 
wah, it inundates this country for more than 30 mi- 
es from its banks: and like the Nile, leaves a mud, 
which ſo greatly fertilizes the earth, that the paſtu- 
rage there is excellent for cattle, and rice grows 
there in ſuch great abundance, that every year, a 
great number of veſſels are laden with it, without 
leaving a ſcarcity in the country. (See Ovinglon's tra- 
vels. Vol. II. Page 290.) The Niger, or what amounts 
to the ſame, upper part of Senegal river, likewiſe 
overflows like the Nile, and the inundation which 
covers all the flat country of Nigritia, begins nearly 
at the ſame time as the Nile, and increales alſo for 
40 days: The river de la Plata at Brafil, alſo over- 
flows every year, and at the ſame time as the Nile. 
'The Ganges, the Indus, and the Euphrates and ſome 
more alſo overflow annually, but all other rivers have 
no periodical overflowings, and when inundations 


happen, it is the effect of many cauſes which combine 


to ſupply a greater quantity of water than common, 


and at the ſame time, to retard the velocity of the 
river. | | 


NATURAL HISTORY. C1 


We have before obſerved that in almoſt all rivers, 
the inclination of their beds always diminithes ——_ 
their mouths in an inſenfible manner; but there are 
ſome whoſe inclination is very ſudden in ſome places, 
and which form what is termed a cataract, which is 
nothing more than a fall of water quicker than the 
common current of a river. 'The Rhine for exam-- 
ple has two cataracts, the one at Bilefield, and the 


the other near Schafhouſe: the Nile has many, and 


among the reſt two which are very violent, and fall 
from a great height between two mountains ; the 
river Vologda in Muſcoyy has alſo two near Ladoga ; 
the Zaira, a river of Congo begins by a very ſtrong 
cataract which falls from the top of a mountain ; but 
the moſt famous, is that of Niagara in Canada, it 
falls from a perpendicular height of 156 feet, like a 
prodigious torrent, and is more than a quarter of a 
mile broad : the fog or miſt, which the water ma- 
kes in falling, is perceived at five miles diftance, 
and riſes as high as the clouds, forming a very beau- 
tiful rainbow, when the ſun ſhines thereon. Below 
this cataract there are ſuch terrible whirlpools, that 
nothing can be navigated thereon for fix miles diſtance, 
and above the cataract the river is much narrower 
than it is in the upper lands. (See Phil. Tranſ. Abr. 
Vol. VI. Part IT. Page 119, and the deſcription gi- 
ven by Father Charlevcix. 

My firſt care was to viſit the moſt beautiful caf- 
cade that is perhaps in nature, but I immediately 
diſcovered that Baron la Hontain was deceived ſo great- 
ly, both in its height and figure, that one might 
reaſonably imagine he never ſaw it. 

* It is true, that if we meaſure its height, by the 
three mountains which it muſt firſt fall over, there 
is not much abatement to be made of the 600 feet, 


nich the map of M. Deliſſe gives it, who doubt- 


lets advanced this paradox only on the credit of the 
Baron la Hontain and father Hennepin; but after I ar- 


rived 
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rived at the top of the third mountain, I obſerved, 
that in the ſpace of three miles which I afterwards 
made to this fall of water, altho' it muſt ſeveral 
times aſcend, yet it muſt more ſo defſ.end, and this 
is what trayeilers have not paid a proper attention to, 
as we can only approach the caſcade on one fide nor 
ſee it but in the profile, it is not ealy to meaſure 
its height by inſtruments: we endeavoured to do it 
therefore by a long cord tied to a pole, and after 
having often attempted this manner, we found it to 
be only 105 or 120 feet deep, but it is not poſſible 
to aſcertain whether the pole was not ſtopped by ſome 
projection of the rock, tor altho we always drew it 
up again with the end of the cord wet, yet that is 
no proof, fince the water which precipitates from the 
mountains, flies up again in form to a very great 
height ; for my own part, after having conſidered 
it on every fide that I could examine it at my eaſe, 
I eſtimate that we cannot allow it to be leſs than 
140 or 150 feet, 

« [ts figure is that of an horſe ſhoe, it circumfe- 
rence about 100 paces ; but exactly in its middle, 
it is divided by a very narrow ifland, about half a 
quarter of a mile long It is true theſe two parts 
join again, that which was on my fide, and ſeen 
only in the profile, has many projecting points, bur 
that which I diſcovered in front, appeared very 
even.“ See page 332, &c Vol III. 

There is another cataract three miles from Alba— 
ny, in the province of New Vork; its height is 150 
feet perpendicular, and from this waterfall there 
ariſes allo a miſt in which a faint rainbow is ſeen, 
which changes ſituation in proportion as we are nearer 
or farther from it, Phils. Iranſ, Vol. VI. Part 
II. Page 10. 

In general, in all countries, where mankind are 
nat numerous enough to form poliſhed facicties, the 
ground is more irregular, and the beds of rivers 

mor 
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more extended, leſs equal, and filled with cataracts; 
many ages were required to render the Rhone and 
Loire navigable. It is by conſining waters, by di- 
recting their courſe, and by cleanſing the bottom of 
rivers, that we give them a fixed courle; in all 
countries thinly inhabited, nature is rude, and often 
deformed. 

There are rivers which loſe themſelves in the 
ſands, and others which ſeem to prec:pitate into the 
bowels of the carth : the Guadalquiver in Spain, 
the,river Gottenburg in Sweden, and the Rhine it- 
ielf loſe themſelves in the earth. It is afferted, that 

in the weſt part of St. Domingo, there is a moun- 
tain of a conſiderable height, at the foot of which 
are many caverns or rivers, and the rivulets fall 
with ſo much noiſe, as to be heard at the diſtance of 
ſeven or eight miles. See Varenii Geograph. gen. 
Page 43+ 

In the whole the number of rivers which loſe 
themſelves in the earth, is very few, and there is no 
appearance that theſe waters deſcend very low into 
the globe; it is more probable that they loſe them- 
ſelves like the Rhine, by dividing among the ſands, 
which is very common to ſmall rivers which water 
dry and ſandy ſoils, of which we have ſeveral exam 
ples in Africa, Perſia, Arabia, &c. 

The rivers of, the north tranſport into the ſea a 
prodigious quantity of flakes of ice, which accu- 
mulating, form thoſe enormous maſſes of ice ſo de- 
ſtructive to mariners; one part of the frozen ſea 
where they are the moſt abundant, is the ſtrait of 
Waigats, which is entirely frozen over the greateſt 
part of the year; this ice is formed from the great 
flakes which the river Oby almoſt continually bring 
there : they atiach themſelves along the coaſts, and 
heap up to a confſiderable height on both fides of the 
Strait, but the middle of the Strait is the laſt part of 
it, which freezes, and where the ice is the loweſt. 
When the wind ceales to blow from the north, and 
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comes according to the direction of the Strait, the 
ice begins to thaw and break in the middle ; after- 
wards it Jooſens from the ſides in great maſſes, which 
go into the high ſea. The wind, which all winter 
comes from the ſouth, and paſſes over the frozen 
countries of Nova Zembla, renders the country wa- 
tered by the Oby, and all Siberia, ſo cold, that 
even at Sobolok, which 1s in the 57th degree, there 
are no fruit trees, while at Sweden, Stockholm, and 
even in the higheſt latitudes, there are both fruit 
trees and pulle : this difference does not proceed, as 
is thought, becauſe the ſea of Lapland is warmer 
than the Strait; or that the land of Nova Zembla is 
more ſo thanLapland, but ſolely from the Baltic, and 
the gulph of Bethnia, which tempering a little the 
rigour of the north winds, whereas in Siberia there 
is nothing which can temperate the cold. What I 
here ſay is founded on good obſervations: it is never 


ſo cold on the ſca coaſts as in the inland parts. There 
are plants which ſtand the winter in London expo- 


ſed to the open air, and which cannot be preſerved 
at Paris; and Siberia, which is a vaſt continent that 
the ſea does not enter, it for this reaſon colder than 
Sweden, which is ſurrounded on all ſides by the 
ea, 

The coldeſt country in the world is Spitzbergen: 
it lies in 78 degrees latitude, entirely formed of ſmall 
peaked mountains: theſe mountains are compoſed 
of gravel, and flat ſtones heaped one on the other: 
as travellers aſſert, by the wind: they in 
creaſe very quick, and mariners diſcover new 
ones every year. The Rein deer is the only animal 
ſeen here, which feeds on a ſhort graſs and mos. 
On the top of theſe little mountains, and at more 
than a mile from the ſea, a maſt was found, with a 
pulley faſtened to one of its ends, which gives room 
to ſuppoſe that the ſca once waſhed the tops of the 


moun-— 
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mountains, and that this country is but of modern 
date : it is inhabited and inhabitable ; the ſoil of 
theſe ſmall mountains has no bond, and ſo cold and 
penetrating a vapour ſtrikes from it, that a perſon is 
frozen by remaining a ſhort time thereon. 

The veſſels which go to Spitzbergen for the 
whale fiſhery, get there in the month of July, and 
take their departure from it about the 15th of Au- 
guſt, the ice hindering the veſſels from entering that 
lea earlier, and to quit it after that time. Prodigious 
pieces of ice, 60, 70, and 80 fathom thick, are 
ſeen there, and there are ſome parts of it where the 
ſea appears frozen to the very bottom; this ice, 
which is ſo high above the level of the ſea, is as 
clear and tranſparent as glaſs. 

There 1s alſo much ice in the ſeas of North Ame- 
rica, as in the bay of Aſcenfion, in the bays of Hud- 
ſon, Cumberland, Davis, Forbithers, &c. Robert 
Lade aflerts, that the mountains of Friezland are 
entirely covered with ſnow, and all the ſides with 
ice, like a bulwark, which will permit no one to 
approach it. It is, ſays he, very remarkable 
that in this ſea we meet with iſlands of ice, more 
than half a mile round, extremely high, and 70 or 
8 fathom deep in the fea ; this ice, which is ſweet, 
is perhaps formed in the ſtraits of the neighbouring 
lands, &«c. Theſe iſlands or mountains of ice, are fo 
mobile, that in ſtormy weather, they follow the 
track of a ſhip as if they were carried along in the 
ſame furrow. There are ſome fo large that their ſu- 
perficies above the water ſurpaſſes the end of the 
maſts of the largeſt veſſels, &c. See the voyages of 
Lade. Vol. 11. page 305, &c. 

In the collection of voyages which have been ſer— 
viceable towards the eſtabliſhment of the Dutch Eaft- 
India company, we meet with a ſmall hiſtorical jour- 
nal of the ice at Nova Zembla, of which the fol- 
lowing is an extract. At Cape Froſt the weather 
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was ſo foggy as to oblige us to moor the veſſel to 2 
mountain of ice, which was 36 fathom deep in the 
water, and about 16 fathom out of it, ſo that it was 
on the whole 32 fathom thick. 

The 10th of Auguſt, the ice dividing, it began 
to float, and then we obſerved that the large piece of 
ice to which the ſhip had been moored, touched the 


bottom, as all the reſt paſſed by it, and ſtruck it 


without moving it. We then began to fear, being 
incloſed between the ice, and endeavoured to avoid 


the danger, by mooring to another large piece of 


ice till night. 

« After we had refreſhed ourſelves, during the 
firſt watch the ice began to ſplit with ſo terrible a 
noiſe, as is inexpreſſible, and the ice which was 
now floating in the current obliged us to cut the 
cable to avoid it: we reckoned no leſs than 400 


large mountains of ice, which were 10 fathoms 


under water, and appeared more than two fathom 
above. : 

« We afterwards moored the veſſel to another 
mountain of ice, which was above fix fathoms under 
water. As ſoon as we were fixed, we perceived 

another piece beyond us, whoſe height terminated 
in a point like a ſteeple, though it touched the bot- 
tom of the ſea, we advanced towards this mountain 
of ice, and found it 20 fathoms under water, and 
near 12 above. 

The 11th of Auguſt we reached another large 
ſhelve of ice, 18 tathom under water, and 10 
above. 

The 21ſt, the Dutch got pretty far in among 
the ice, and reciaiined there the whole night ; the 
next morning they moored their veſſel to a ſhelve of 
ice, which they aſcended, and admired its figure as a 
very fingular thing, This ſhelve was covered with 
earth at top, and they found near 40 eggs thereon. 
The colour was not the common colour of ice, but a 


iky 
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{ky blue. Thoſe who were on it, reaſoned much con- 
cerning it, ſome ſaying it was an effect of the ice, 
while others maintained it to be a frozen earth. Be 
it as it may, this mountain of ice was extremely high, 
about 18 fathom under water, and 10 above.“ P.46, 
&. Vol. 1, zd voyage of the Dutch to the North. 
Wafer relates, that near Terra del Fuega he met 
with many high floating pieces of ice, which he at 
firſt miſtook for iſlands. Some appemed a 
mile or two in length, and the largeſt of all appeared 
4 or 500 feet high, (See Water's voyage, Vol. 4, 
Page 304.) 

' All this ice, as J have obſerved in the 6th article, 
was brought thither by the rivers ; the ice in the 
ſea of Nova Zembla, and the Strait of Waigats came 
from the Oby, and perhaps from Jeniſca, and other 
great rivers of Siberia and Tartary ; that in Hud- 
ſon's Bay, from Aſcenſion Bay, where many of the 
North American rivers fall in; that of Terra del 
Fuega came from the ſouthern continent; and if 
there is leſs on the coaſts of North Lapland, than 
on thoſe of Siberia, and the Strait of Waigats : altho' 
North Lapland is nearer the Pole, it is becauſe all 
the rivers of Lapland fall into the gulph of Bythnia, 
and now go into the northern ſea, The ice may alſo 
be formed in the ſtraits, where the. tides ſwell much 
higher than in the open fea, and where conſequently 
the ice which is at the ſurface may heap up and 
form thoſe mountains of ice feveral fathoms high: 
but with reſpect to thoſe which are 4 or 500feet high, 
they appear to me not to be formed on high coaſts, 
and I imagine that when the ſnow which covers the 
top of theſe coaſts melts, the water flows on the 
flakes of ice, and are likewiſe frozen thereon, and 
thus increaſes the ſize of the firſt to that height of 4 of 
zoo feet; that aftcrwards in a warmer ſummer, theſe 
hills of ice looſen from the coaſts by the action of 


the wind, and motion of the ſea, or pechaps even by 
7 Val. VI. theit 
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their new weight, and afterwards are driven as the 
wind direQs, ſo that they at length may arrive into 
temperate climates before they are entircly melted. 


— 
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PRO O FS of the THEORY of the EARTH. 
ARTICLE. .. 
Of Seas and Lakes. 


HE ocean ſurrounds the continents on all ſides, 
and penetrates into the land in ſeveral places, 
often by large openings, and frequently by ſmall 
ſtraits: it forms the Mediterranean ſeas, ſome of 
which participate of its motions of flux and reflux, 
and others ſcem to have nothing in common with 
it except the continuity of water. We ſhall follow 
the ocean through all its extent and windings, enu- 
merating at the ſame time all the Mediterranean 
ſeas, and endeavour to diſtinguiſh them from thoſe 
which ſhould be only called Gulphs, and alſo from 
thoſe which ought to be regarded as Lakes. 

The ſea which waſhes the weſtern coaſts of France, 
forms a gulph between Spain and Brittany ; this 
gulph, which mariners call the Gulph of Biſcay, is 
very open, and the point of that gulph which pro- 
jects fartheſt inland, is between Bayonne and Saint 
Sebaſtian ; another very projecting part of the gulph 
waſhes the coaſts from Aunis to Rochelle and Roch- 
fort ; this gulph begins at Cape Ortegal, and ends 
at Breſt, where a ſtrait commences between the point 
of Brittany and Cape Lizard : this ſtrait, which at 
firſt is very large, forms a ſmall gulph in Normandy, 
the moſt projecting point of which is at Avranches : 
the ſtrait continues pretty broad to the foot of Ca- 
lais, where it is very narrow; afterwards it grows 
broader on a ſudden, and ends between the Texel 


and 
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and the coaſt of England at Norwich; at the Texel 
it forms a ſmall Mediterranean ſea, called Zuyder- 
zee, and many other great canals, which are not 
very deep, no more than the Zuyder-⁊ee. 

After that the ocean forms a great gulph, called 
the German Ocean, and this gulph, taken throughout 
all its extent, begins at the northern point of Scot- 
land, deſeending all along the eaſtern coaſts of Scot- 
land and England, as far as Norwich, from thence 
to the Texel, along the coaſts of Holland and Ger- 
many, Jutland, Norway, and above Berguen ; this 
3 gulph might alſo be taken for a mediterranean 
ea, becauſe the Orcade iſlands partly ſhut up its 
opening, and ſeem to be directed as if they were a 
continuation of the mountains of Norway. This 
great gulph forms a large ſtrait, which begins at 
the ſouthern point of Norway, and continues very 
broad to to the iſland of Zeland, where it narrows 
all at once, and forms between the coaſts of Sweden, 
the iſlands of Denmark and Jutland, four ſmall 
ſtraits, after which it extends in breadth like a 
ſmall gulph, the moſt projecting point of which is 
at Lubec : from thence it continues pretty broad as 
far as the ſouthern extremity of Sweden, when it 
grows broader and broader, and forms the Baltic ſea, 
which is a Mediterranean, extending from ſouth to- 
north near 3o0o miles, comprehending the gulph of 
Bothnia, which is in fact only a continuation of 
the Baltic Sea : this ſea has two more gulphs, that of 
Livonia, whoſe moſt projecting point is near Mittau 
and Riga; and that of Finland, which 1s an arm of 
the Baltic ſea, extending between Livonia and Fin- 
land, as far as Peteribourgh, and communicates with 
the lake Ladoga, and even with the lake Onega, 
which communicates by the river Onega to the 
White Sea. All this extent of water which forms 
the Baltic Sea, the gulph of Bothnia, Finland, and 
Livonia, muſt be looked upon as one great lake, 
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ported by the waters of the rivers. which it receives 
in a very great number, as the Oder, the Viſtula, 
the Niemen, the Droine in Germany and Poland, 
and many other rivers in Livonia and Finland; others 
Mill greater, which come from Lapland, as the river 
Tornea, the rivers ' Calis, Lula, Pitha, Uma, and 
many others which come from Sweden: theſe ri- 
vers, which are very confiderable, are more than 40, 
including the rivers which they receive, which can- 
not fail of producing a very great quantity of wa- 
ter, which is probably more than ſufficient to ſupport 
the Baltic Sca; befides this fea has no flux and re- 
flux, although it is very narrow and very ſalt. If 
we confider alſo the bearing of the country, and the 
number of lakes and moratles in Finland and Swe- 
den, which are almoſt contiguous to that ſea, we 
Mall be inclined to look on it not as a fea, but as a 
great lake formed in the land by the abundance of 
waters, which have forced the paſſages near Den- 
mark to run into the ocean, as they do in fact flow 
thither according to the account of mariners. 

At the iſſue of the great gulf which forms the Ger- 
man ocean, and which terminates above Berguen, 
the ocean follows the coaſts of Norway, Swediſh 
Lapland, North Lapland, and Muſcovy Lapland, 
at the eaſtern part of which a very large ſtrait which 
borders a Mediterranean ſea called the Mute Sea. 
This fea may be likewiſe regarded as a great lake; 
for it receives 12 or 13 rivers all very conſiderable, 
and which are more than ſuTcient to ſupport it; it 
is a little ſalt, beſides there is very little wanting to 

we it a communication with the Baltic Sca ; it has 
even a real one with the gulph of Finland, for, by 
aſcending the river Onega, we come to a lake of 
the ſame name; from this lake Onega there are 
two rivers of communication with the lake Ladoga : 
this laſt lake communicates by a large arm with the 


gulph of Finland, and there arg many parts in Swe- 
__ 9" 
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diſh Lapland, the water of which run almoſt indif- 
ferently ſome towards the White Sea, others towards- 
the gulph of Bothnia, and others towards that of 
Finland, and all this country being full of lakes and 
moraſles, the Baltic and White Sea ſeem to be the 
receptacles of all theſe waters, which afterwards diſ- 
charge themſelves into the frozen and German 
ſea. 

Quitting the White Sca, and coaſting the iſland 
of Candenos, and the northern coaſts of Ruſſia, we 
find that the ocean forms a {mall arm in the land at 
the mouth of the river PetZora, This ſmall arm, 
which is about 40 miles long by 8 or 10 broad, is 
rather a maſs of water formed by the river, than a 
gulph of the ſea, the water having but little ſaltneſs 
there. The land there forms a projecting cape, ter- 
minated by the ſmall iſlands Maurice and Orange, 
and between theſe lands, and thoſe which border 
the ſtrait of Waigats to the South, there is a ſmall 
gulf about zo miles depth in land. This gulf be- 
longs to the ocean, and is not formed by the land 
waters : we afterwards meet with the ſtrait of Wai- 
gats, which is nearly under the yoth degree northern 
latitude ; this ſtrait is no more than 8 or 10 miles 
long, and communicates with a fea which waters the 
northern coaſts of Siberia: as this ſtrait is ſhut u 
by the ice the greateſt part of the year, it is very dif- 
ficult to get to the ſea beyond it. The paſſage of 
this ſtrait has been attempted in vain by a great 
number of navigators, and thoſe who fortunately 
paſſed it, have left us no exact charts of that ſea, 
which they have termed the tranquil Ocean. All that 
appears by the moſt recent charts, and by Senex's 
globe of 1739, is, that this ſea, might be entirely 
mediterranean, and not communicated with the great 
ſea of Tartary, for it appears to be encloſed and 
bounded on the ſouth by the country of the Sa- 
moides, which is at preſent well known, and 
thoſe lands which border it on the north extend 
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from the ftrait of Waigats, as. far as the mouth 
of the river Jeniſca; on the eaſt it is bounded 
by Jelmoreland, and on the weſt by Nova Zembla, 
and although we are not acquainted with the extent 
of this Mediterranean fea on the north fide and north 
eaſt, as we are acquainted with the uninterrupted 
lands there, it is very probable thar this tranquil ſea 
is a Mediterranean, a kind of a road very diſticult of 
acceſs, in which there is no outlet: what proves 
this, is that by leaving Waigats ſtrait, and coaſting 
Nova Zembla in the frozen ſea all along its weſtern and 
northern coaſts as far as Cape Defire ; and that after 
having paſt this cape, keeping along the coaſt to the 
eaſt of Nova Zembla to a ſmall gulf, whch is about 
75 degrees, where the Hollanders paſt a mortal winter . 
in 1596; that beyond this gulf the country of Jelmor- 
land was diſcovered in 1664, which is only ſome 
leagues diſtant from Nova Zembla, ſo that the only 
ſmall part which has not yet been diſcovered, 1s near 
the {mall gulf we ſpeak of; and this part is perhaps 
not 3o leagues long: ſo that if the tranquil ſea 
communicated with the ocean, it muſt be at this 
little gulf, which is the only one by which this 
ſea can join to the Great Sea : and as this ſmall gulf 
1s 75 _ north, and that even if the communi- 
cation ſhould exiſt, we muſt always aſcend five de- 
grees towards the north to gain the Great Sea; it is 
evident that if we-would acquire the northern rout to 
China, it would be much better to paſs by the 
north of Nova Zembla at 77 or 78 degrees; where 
alſo the ſea is more open and leſs icy; than to at- 
tempt the road through the icy ſtrait of Waigats, 
with the uncertainty of getting out of this Mediter- 
rancan ſca. 

By following therefore the ocean along the coaſts 
of Nova Zembla and Jelmorand, theſe lands are 
diſcaverable as far as the mouth of Chotanga, which 
is about the 73d degree, after which we meet with 
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a ſpace of about 200 leagues, whoſe coafts are not yet 
known to us ; we only meet with an account of them 
in the relations of the Muſcovites who have travelled 
by land into thoſe climates, and who mark out 
in their. charts rivers and people which they 
have called populi patati, this interval of coaſts ſtill 
unknown is trom the mouth of Chotanga as far as 
that of Kauvoina in the 66th degree latitude, the 
ocean there forms a gulph whoſe moſt projecting 
point in land, is in the mouth of the Len, which is 
a very conſiderable river, this gult is formed by the 
waters of the ocean, it is very open and belongs to 
the Tartarian ſea, and is called the Gulph Linch:dolin, 
where the Muſcovites have a whale fiſhery. 

From the mouth of the Len we may follow the 
coaſts of Tartary in a ſpace of more than 500 leagues 
towards the eaſt as far as a great peninſula or pro- 
jecting land, inhabited by the Schelates : this point 
is the moſt northern extremity of eaſtern Tartary, 
and is fituate about the 72d degree northern 
latitude ; in this length of more than 500 leagues 
the occan makes no interruption into the land, 
no gulf, nor arm, bnt forms only a confiderable 
elbow, at the origin of the peninſula of the Sche- 
lates ; at the mouth of the river Kauvoina, this 
point of land alſo forms the eaſtern extremity of the 
old World; whoſe weſtern extremity is at the north 
Cape in Lapland; fo that the old continent has about 
1700 leagues northern coaſts, comprehending the ſinu- 
ofities of the gulfs, & reckoning from the north cape 
of Lapland as far as the point of land belonging to 
Schelates, about 1100 leagues ſailing under the lame 
parallel. 

Let us now take a view of the eaſtern coafts of 
the old continent, beginning at that point of land, 
which the Schelates inhabit, 'and deſcending toward 
the equator: the ocean at firſt forms an elbow between 
the Schelates and the land inhabited by the people 
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called Tſcutſchi, which projects a confiderable way 
into the ſea, To the ſouth of this land, it forms a 
mall gulf called the Gulf SuFoikret, and afterwards 
another ſmaller gulf which projects like an arm 40 
or 50 miles into Kamtſcharka: after which the 
ocean enters into the land by a large ſtrait, filled 
with many ſmall iſlands, between the ſouthern point 
of Kamtſchatka and the northern point of Yeco, and 
forms a great mediterranean ſea, which it is proper 
we ſhould trace throughout. The firſt is the 
ſea of Kamtſchatka, in which is a very conſiderable 
iſland called Amour or Love and; this ſea ſends 
out an arm into the lands to the north eaſt, but this 
ſmall arm and the ſea of Kamtſchatka itſelf, might 
poſhbly be, at leaſt in part, formed by the rivers, - 
which run therein, as well from Kamtſchatka, as 
from Tartary. Be this as it will, the fea of Kamtſ- 
chatka communicates with the ſea of Corea, which 
makes the ſecond part of this mediterranean ſea, and 
all this ſea which is more than 602 leagues long, is 
bounded on the weſt and on the north by Corea and 
Tartary, on the caſt and ſouth by Kamtſchatka, Ve- 
co and Japan, without having any other commu- 
nication with the ocean than that of the forementi- 
oned ſtrait ; for it is not certain whether that ſer 
down in ſome maps between Japan and Yeco really 
exiſts ; and even if this ſtrait does exiſt, the ſea of 
Kamtſchatka and Corea, will ſtill be always regarded 
as forming a great mediterranean ſea divided from the 
ocean, on every fide ; and which muſt not be taken 
fora gulf, for it has no direct communication with the 
ocean by its ſouthern ſtrait between Japan and Corea, 
The ſea of China, to which it communicates by this. 
ſtrait, is rather a mediterranean ſea, than a gulf of 
the ocean. | | 
We have obſerved in the preceeding diſcourſe, 
that the ſea had a conſtant motion from eaſt to weſt: 
and that conſequently the great pacific fea made 
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tinual efforts againſt the eaſtern countries, an atten- 
tive inſpection of the globe, will confirm the con- 
ſequences which we have drawn from this obſervati— 
on; for, if we examine the bearing of the land, from 
Kamtſchatka to New Britain, diſcovered in 1700 
by Dampier, and which is 4 or. 5 degrees from the 
equator, ſouth latitude, we ſhall be inclined to think 
that the ocean had waſhed away the land of theſe 
climates upwards of 400 leagues : that conſequent- 
ly the eaſtern bounds of the old continent have been 
removed farther back, and that it formerly extend- 
ed much farther towards the eaſt, for we ſhall re- 
mark, that New Britain and Kamtſchatka, which 
are the moſt projecting lands towards the eaſt, are 
under the ſame meridian ; we ſhall obſerve, that all 
the lands are directed from north to ſouth, and 
that point which is waſhed by the pacific ſea on the 
the eaſt, and on the other, by the mediterranean ſea 
above mentioned, is divided in the direction from 
north to ſouth by a chain of mountains. 

After theſe Vecco and Japan form another land, 
whoſe direction is alſo north and ſouth, over an ex- 
tent of upwards of 400 miles, between the Great Sea, 
and that of Corea, the chains of mountains of Veco, 
and of that part of Japan, cannot fail then of being di- 
rected from north to ſouth, ſince theſe lands, which 
are 400 leagues long in this dire ion, are no more 
than 50, 60, or 100 broad in the other from eaſt to 
weſt. Therefore the lands of Kamtſchatka, Veco, 
and the eaftern part of Japan, muſt be regarded as 
contiguous, and directed north and ſouth. Still pur- 
ſuing the ſame direction after having paſſed Cape 
Ava at Japan, we mect with the iſland of Barnevel, 
and three other iſlands, which are placed one on the 
other exactly in the direction of north and ſouth, ta- 
king up in all a ſpace of about 100 miles. We af- 
terwards meet with three other lands in the ſame 
direction, called the i/lands of Callanos, all three 
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placed one above the other in the ſame direction of 
north and ſouth. After theſe we meet with the La- 
drone iſlands, fourteen or fiſteen in number, all pla- 
ced one above another in the ſame direction of north 
and fouth, and all together occupying (including 
the Callanos iflands, a ſpace more than 300 miles 
long, in this direction of north and ſouth, by ſo 
trifling a breadth, that in its greateſt parts, theſe 
iflands are not ſeven or eight miles over: it there- 
fore appears to me that Kamtichatka, Yeco, Eaſtern 
Japan, the iſlands Barnevel, Prince, Callanos, and 
Ladrone, are only the fame chain of mountains, and 
the remains of the old country which the ocean has 
countries in fact are only mountains, and theſe iflands 
the points of mountains; the lower lands have been 
by degrees waſhed away and ſubmerged. All theſe 
ſubmerged by the ocean, and if what is related in 
the inſtructive letters are true, and that in fact a 
quantity of iflands have been diſcovered called the 
new Phil/ipine lands, and that their poſition is really 
ſuch as is given by Father Gobien, we cannot doubt 
but that the moſt eaſtern of theſe iſlands are a con- 
tinuation of the chain of mountains, which forms 
the Ladrones : for theſe eleven eaſtern iſlands are all 
placed one above the other in the ſame direction of 
north and ſouth, occupying a ſpace more than 200 
miles in length, the broadeſt of which is not more 
than ſeven or eight miles over in the direction of eaſt 
and weſt, | 

But if theſe conjectures are thought too preſumptu- 
ous, and oppoſe to my opinion the great intervals be- 
tween the adjacent iſlands of Cape Ava, Japan, and Cal- 
lanos, and between theſe iſlands and thoſe of Ladrone, 
and the new Philippine, the firſt of which is in fact 
about 160 miles, the ſecond 530 or 60, and the third 
pear 120 ; I ſhall anſwer that the chains of mountains 
often extend much farther under the ſea, and that 
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theſe intervals are ſmall in compariſon of the extent 
of land which theſe mountains in the above direction 
preſent, which is 1100 leagues, computing them from 
the interior part of that almoſt iſland Kamtſchatka. 
In ſhort, if we wholly reject this idea, which I have 
juſt propoſed on the ſubject of 500 leagues, which the 
ocean mult have gained on the eaſtern coaſts of the 
continent, and on that ſuite of mountains which paſs 
by the Ladrone iflands ; there is at leaſt no perſon 
but will allow me that Kamtſchatka, Yeco, Ja- 
pan, the iſlands Bongo, Tanaxima, thoſe of Great 
Lequeo, King's Iſland, Formoſa, Vaif, Baſhe, Ba- 
buyanes, the great ifland Loon, the other Phili a 
pines, Mindanao, Gilolo, &c. and laſt of all New 
Guinea, which extends as far as New Brittany, fituate 
under the ſame meridian as Kamtſchatka, do not 
form a contiguation of land of more than 2000 
leagues, interrupted only by ſmall intervals, the 
greateſt of which perhaps is no more than 20 leagues, 
10 that the ocean forms in the lands of the eaſtern 
continent a very great gulph which commences at 
Kamtſchatka, and ends at New Britain: that this 
gulph is ſtrewed with iflands, that it is ſhaped like 
all other excavations which the ſea might make, by 
continually acting againſt ſhores, &c. and that con- 
ſequently we may conjecture with ſome probability, 
that the ocean by its conſtant motion ſrom eaſt to 
weft, has by degrees acquired this extent on the eaſt- 
ern continent, and that 1t has befides formed the me- 
diterranean ſea of Kamtſchatka, Corea, China, and 
perhaps all the Archipelago, for the earth and ſea are 
there ſo blended that it evidently appears to be an 
inundated country ; of which we at preſent only 
ſee the eminences and high lands, while the lower 
are hid under the waters: this ſea alſo is not fo 
deep as other ſeas, and the innumerable lands we 
meet with there,. are almoſt all mountains, 
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If we now particularly examine all theſe ſeas, 
beginning at the ſtrait of the ſea of Corea towards 
that of China, we ſhall find this ſea of China, forms 


-a very deep gulf in its northern part ; which com- 


mences at the ifland of Fungma, and terminates at 


the frontier of the province of Pekin, at abeut 40 or 


50 leagues diſtance from that capital of the Chineſe 
empire. This gulf in its moſt inner and narroweſt 
part, is called the Gulf of Changi : it 1s very pro- 


bable that this gulf, and a part of the ſea of China, 


have been formed by the ocean, which has ſub- 
merged all the flat country of this continent, of which 
only the highlands before-mentioned are now to 
be ſeen. In this ſouthern part are the gulfs 
of Tunquin and Siam, near which 1s the almoſt- 


ifland of Malayo formed by a long chain of 


mountains, whoſe direction is from north to ſouth, 


and the Andaman iſlands, which are another chain 


of mountains in the fame direction, and which appear 


to be only a ſucceſſion of the mountains of Sumatra. 
The ocean afterwards forms a great gulf, called 


the Gulf of Bengal, in which we may remark that the 
almoſt ifland of India, forms a concave curb towards 


the eaſt, nearly as the great gulf of the eaſtern con- 


tinent, which ſeems to have been alſo produced by 


the ſame motion of the ocean from eaſt to weſt ; in this 


almoſt ifland are the mountains of gates, which have 


a direction from north to fouth, as far as cape Co- 
morin, the iſland Ceylon ſeems to have been ſepe- 
rated from it, and to have formerly made part of that 
continent. The Maldivian iflands are only another 
chain of mountains, whoſe direction is alſo the ſame. 
After this follows the Arabian ſea, which is a very 


great gulf, and ſends out four arms into the country, 


the two greateſt on the weſtern fide, and the two 


leaſt on the eaſt ; the firſt of theſe arms on the eaſt- 


ern fide, is the ſmall gulph of Cambay, which is 
not above fifty or 60 leagues deep, and which re- 
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ceives two very conſiderable rivers, viz. the river 


Tapti, and the river Baroch, which Pietro dell Valle 


calls the Meli; the ſecond arm towards the eaſt is 


famous for the velocity and height of its tides, which 
are greater than in any other part of the world; ſo 
that this arm, or {mall gulph, is only lend, ſometimes 
covered with water by the flux, and left bare by the 
reflux, which extends for more than fifty leagues. 
Many great rivers fall into this ſpot, asthe Indvs, the 
Padar, &c. which have brought a great quantity of 
earth and mud to their mouths, which by degrees 
raiſes the ground of the gulph, the inclination of 
which is ſo gentle, that the tide extends to an ex- 
treme diſtance, The firſt arm of the Arabian gulf 
towards the weſt, is the Perſian gulf, which is more 
than 250 leagues in extent in land, and the ſecond 
is the Red Sea, which is more than 680, computing 
it from the iſland Socotra ; theſe two arms muſt be 
regarded as two Mediterranean ſeas, taking them 
from beyond the ſtraits of Ormuz and Babelmandel ; 
and although they are both ſubje& to a great flux and 
reflux, and conſequently participate of the motions 


of the ocean, it is by reaſon they are not far diſtant 


from the equator, where the motion of the tides is 
much greater than in any other climate, and that 
as they are both very long and narrow, the mo- 
tion of the tides is much more violent in the Red Sea 
than in the Perſian Gulph ; becauſe the Red Sea, 
which is near three times longer, and at moſt as nar- 
row as the Perfian Gulph, does not receive any river 
whoſe motion might oppoſe that of the flux, whereas 
the Perfian gulf receives very confiderable ones, in 
its moſt projecting extremity inland. It appears, 
therefore in this place very apparently, that the Red 
Sea has been formed by an eruption of the ocean ; for 
if we examine the bearing of the lands above, and 
below the opening which ſerves it for a paſſage, we 
ſhal! find that this paſſage is only a cut, and that both 
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on one and the other fide the coaſts follow the ſame 


direction, the Arabian coaſt from Cape Rozalgat, to 
Cape Fartaque, being in the fame direction as the 
African coaſt, from the Cape Guardater to Cape 
Sands. 

At the extremity of the Red Sea is that famous 
neck of land called the J/thmus of Suez, which forms 
a barrier to the Red ſea, and prevents the commu- 
nication of the ſeas, In the preceding diſcourſe we 
have obſerved the reaſon which might incline us to 
think that the Red Sea is higher than the Mediterra- 
nean, and that if the Iſthmus of Suez was cut, an in- 
unda ion and an augmentation oikhe Mediterranean 
might enſue. To what we have already ſaid we 
mall ſubjoin, that if even it ſhould not be agreed 
upon that the Red Sea was higher than the Mediter- 
ranean, it cannot be denied that there is neither flux 
nor reflux in that part of the Mediterranean, adjoin- 
ing to the mouths of the Nile, and that on the con- 
trary there is in the Red Sea a very coniiderable fl ux 
and reflux, which raiſes the water ſeveral feet, and 
which alone would ſuffice to ſend a quaatity of water 
into the Mediterranean, if the Iſthmus was broken. 
Beſides we have an example on chis ſubject quoted by 
Varenius, who proves that the ſeas are not of an 
equal height throughout: he ſays as follows page 100 
of his Geography: Oceanus Germanicus, qui eſt 
* Atlantici pars, inter Frifiam & Hollendiues, ſe ef- 
* fundens, efficit ſinum qui, etſi parvis fit reſpectu ce- 
% lebrium finuum maris, tamen & ipſe dicitur mare, 
* aluitque Hollandiæ emporium celeberrimum, Am- 
& ſtelodanum. Non procul inde abeſt lacus Harlemen- 
* tis qui etiam mare Harlemenſe dicitur. Hujus alti- 
tc tudo non eſt minor altitudine ſinus illius Belgici, quem 
ce diximus, & mittit ramum ad urbem Leidam, ubi in 
* yarias foſſas divaricatur. Quoniam itaque nec lacus 
hic, neque finus ille, Hallandici maris inundant ad- 
jacentes agros (de naturali conſtitutione loquor, non 
e ubitem 
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71 
© ubitem peſtatibus urgenter, propter quas aggeres facti 
e ſunt) patet inde quod non ſint altiores quam agri 
„ Hollandiæ. At vero Oceanum Germanicum etfe 
altiorem quam terras haſce experti ſunt Leidenſes, 
* cum ſuſcepiſcent foſſam ſeu alveum ex urbe ſua ad 
& Oceani Germanici litora, prope Cattorum vicum 
„ perducere (diftantia eſt duorum milliarum) ut 
*« recepto per alveum hunc mart pottent navigationem 
© inſtituere in Oceanum Germanicum; & hinc in va— 
* rias terræ regiones. Verum enimvero cum magnam 
66 $i gon alvet partem perteciiſent, deſiſtere coach ſunt, 
uontam tum demum per obtervationem cognitum 
* ett Oceani Germanici aquam efle altiorem quam 
e agrum inter Leidam & litus Ocean illius; unde lo- 
cus 1lle, ubi fodere deſierunt, dicitur Het malle Gat. 
Oceanus itaque Germanicus eſt aliquantum altior 
quam ſnus ille, Hollandicus,“ &c. Therefore it may 
be ſuppoſed that the Mediterranean is lower than the 
Red Sea, as the German Sea is higher than that 
of Holland. Some antient authors, as Herodotus and 
Diodorus Siculus, ſpeaks of a canal of acommunication 


.of the Nile and Mediterranean with the Red Sea, 


and laſtly. M. Deliſle has given a map in 1704, in 
which he traces one end of the canal, which iflues 
from the moſt eaſtern part of the Nile, and which he 
judges to be a part of that which formerly formed this 
communication of the Nile with the Red Sea. (See 
Mem. de F Acad. Sciences 1734.) 

In the third part of the book entitled, “ Connoi- 
ſance de Þ ancien Monde, or the Knowledge of the 
Old World,” printed in 1507, we meet with the 
like ſentiment, and it is there ſaid from Didodorus 
Siculus, that it was Nero, King of Egypt, who began 


this canal, that Darius, king of Perſia continued it, 


and that Ptolemy II. finiſhed it, and conducted it as 
far as the city Arſine, and that he had cauſed it to be 
opened and ſhut when he had found it needful. With- 


out deſiring to deny theſe circumftances, I am obliged 


to 
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to avow that they appear doubtful to me, and I do 
not know whether the violence and height of the tide 
in the Red Sea, would not be neceſſarily communi- 
cated to this canal; it appears to me at leaſt, that 
it would have required great precautions to confine 
the waters to avoid inundations, and a great deal of 
care to preſerve this canal in good repair, though 
hiſtorians who aſſert that this canal has been under- 
taken and finiſhed, do not tell us, that it endured, 
and the remains which are pretended to be even now 
perceptible, are perhaps all what has been ever done 
of it. The name of the Red Sea has been given to 
this arm of the ocean, becauſe that in fact it has that 
colour, in every part where madrapores are met 
with at the bottom. Let us relate what is mentioned 
inthe * Hiſtoire general des Voyages, Vol. 1, pages 
198 and 199.“ Before he quitted the Red Sea, D. 
Jean examined what might have been the reaſon 
may that name was given by the antients to it. 
and if in fact this fea differed from others in its 
colour. He obſerves, that Pliny mentions ſeveral 
opinions on the origin of this name. Some derive it 
from a king named Erythes, who reigned in thoſe 
os and whoſe name in Greek fignifies Red. Others 
ve imagined, that the reflexion of the ſun produced 
a reddith colour on the ſurface of the water, and others 
that the water of the gulf had naturally this colour, 
The Portugueſe, who had then made ſeveral voyages 
to the entrance of the ftraits, aſſert, that all the coaſt 
of Arabia being very red, the ſand and duſt which 
are detached therefrom, and which the wind carrics 
into the ſea, tinges the water of the ſame colour. 

D. Jean, who, to veriſy theſe opinions, did not 
ceaſe day nor night from his departure from Socotra, 
to obſerve the nature of the water, and the qualities 
of the coaſts as far as Suez, aflerts, that far from be- 
ing naturally red, the wacer is of the fame colour as 
in other ſeas, and that the ſand and the duſt having 

nothing 
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nothing red likewiſe, does not give this tinge to the 
water. The earth of both countries 1s generally 
brown, and even black in ſome places; in others 
it is white; but, on the coaſts where the Por- 
tugueſe had not penetrated : he in fact ſaw three 
mountains ſtreaked with red of a very hard rocy, 
and the neighbouring country of the common co- 
lour. | 

The truth therefore is, that this ſea from its en- 
trance to the bottom of the gulf, is throughout of an 
uniform colour, which is eaſy to be demonſtrated ; 
but it muſt alſo be owned, that in ſome parts it ap- 
peared red through chance, and in others green and 
white, the explanation of which phenomena is as 
follows. From Suaguen to Koſſir, i. e. for the ſpace 
of 136 leagues, the ſea is filled with ſhoals and rocks 
of coral; this name is given to them, by reaſon that 


their form and colour renders them ſo extremely like 


coral, that it requires great circumſpection not to be 
deceived, They grow like trees, and their branches 
take the ſame form as thoſe of coral; we diſtinguiſh- 
ed two ſorts of them, the one white, and the other 
red; in many parts they are covered with a kind of 
gum, or green glue, and in others with a deep orange, 
Now the water of this ſea being more tranſparent 
than any other in the world, ſo that the bottom may 
be ſeen at 20 fathom deep, eſpecially from Sanquen 
to the extremity of the gulf, it appears therefore to 
take the colour of the matters it contains; as for ex- 
ample; when the rocks are ſo covered with a green 
glue, the water which paſſes over it. appears of a 
deeper green than the rocks themſelves, and when 
the bottom is only ſand, the water appears white: 
ſo hkewife when the rocks are coral, in the ſenſe 
which I give the term, the glue which ſurrounds 
them is red or reddith, the water tinges, or rather 
ſeems to be tinged red: therefore as theſe coloured 
rocks are more frequently met with there than any 
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other, D' John concludes that the name of the Red 
Sea has been affixed to the Arabian gulf in preference 


'to the Green or White Sea : he applauds himſelf on 


this diſcovery with ſo much the more reaſon, as the 
method by which he aſcertained himſelf of it, left 
him no kind of doubt. He cauſed a float to be 
moored againſt the rocks in the parts which were 
not deep enough to permit veſſels to approach them, 
and the ſailors could often execute his orders with 
facility, without the ſea being higher than the ſto— 
mach at more than half a mile from the rocks. The 
greateſt part of the ſtones and flints they drew up, in 
thoſe parts where the water appeared red, was alſo 
of that colour: in the water which appeared green, 
the ſtones were green, and if the water appeared. 
white, the bottom was white ſand, without any 

other mixture.” N 
I well know that ſome have have pretended, that 
there was a double current in the ſtrait of Gibraltar, 
the one ſuperior which carried the water of the 
ocean into the Mediterranean, and the other infe- 
rior, whoſe effect, ſay they, is contrary ; but this 
opinion is evidently falſe, and contrary to the laws 
of hydroſtatics: ſoit has likewiſe been aſſerted, that 
there are inferior currents in many other places, the 
direction of which was oppoſite to that of the ſupe- 
rior current; as in the Boſphorus, the ſtrait of ſand, 
&c. and Marfili relates even experiments made in 
the Boſphorus, which proves this circumſtance ; but 
there is a great appearance that the experiments 
have been badly made, fince the matter is impoſſible, 
and repugnant to all the notions we have on the mo- 
tions of the waters ; befides Greaves in his pyramid- 
ography, page 101 and 102, proves by well-made 
experiments, that there 1s no inferior current in the 
Boſphorus, whoſe direction is oppoſite to the ſupe- 
rior : what may have deceived Marſili and others, 
is, that in the Boſphorus, as well as in the ſtrait of 
Gibraltar, 
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Gibraltar, and in all rivers which flow with ſome ra- 
pidity, there 1s a confiderable eddy along the ſhores, 
the direction of which is generally different, and 
ſometimes quite contrary to tke principal current of 
the waters. 

Let us now trace all the coaſts of the new conti- 
nent, from the Cape Holdwith-Hope, lying in the 
73d degree, north latitude, which is the moſt nor- 
thern land we are acquainted with in New Green- 
land, and is not above 160 or 180 miles diſtant from 
Lapland. From this cape. we may follow the coaſt 
of Greenland, as far as the polar circle, where the 
ocean forms a broad ſtrait between Iceland and 
Greenland. It is pretended that this country adja- 
cent to Iceland is not the ancient Greenland which 
the Danes formerly poſſeſſed as a province dependant 
on their kingdom. In antient Greenland there 
were civilized people and chriſtians, biſhops, chur- 
ches, and towns conſiderable by their commerce, 
The Danes alſo viſited it frequently, and as eafily as 
the Spaniards can go to the Canaries : there ſtill 
exiſts, as is aſſerted, titles and ordinances for the 
affairs of this country, all which are not very antient : 
nevertheleſs, without our being able to devine why, 
this country is abſolutely loſt not the leaſt trace of 
what we have related is to be met with, nor in new 
Greenland, the people are wild and ſavage, there is 
no veſtiges of any edifice, not a word of their lan- 
guage, which has an affinity with the Daniſh ; in 
thort, there is nothing which might give us room to 
judge that this is the ſame country, it is even almoſt 
deſerted, and ſurrounded with ice for the greateſt 
part of the year: but as theſe lands are of a vaſt 
extent, and the coaſts but little frequented by mo- 
dern navigators, who may have miſſed the ſpot 
where the deſcendants of theſe poliſhed people may 
inhabit, or that the ice having become more abun- 
dant in this ſea, prevents any one at preſent from 
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approaching near the ſhore in this place ; neverthe- 
lets this whole country, to judge of it by the maps, 
has been coaſted and diſcovered : it forms nearly a 
great iſland, at the extremity of which are the two 
raits of Forbiſhers and the iſland of Frieſland, where 
it is extremely cold, although they are not higher 
than the Orcades, that is, at 60 degrees. 

Between the weſtern coaſt of Greenland, and that of 
Labrador, the ocean forms a gulf, and afterwards a 
large Mediterranean Sea, the coldeſt of all ſeas, the 
Ccoaits of which are not as yet perfectly known, By 
following this tract due north, we come to the large 
ſtrait of Davis, which leads to the Chriſtian Sea, 
terminated by Baffin's Bay, which forms a kind of 
road from which there is no appearance of getting 
out but by falling i into another road of the ſame na- 
ture, i. e. Hudſon's Bay. Cumberland Strait, which 
as well as Davis's, may lead to the Chriſtian Sea, is 
narrower, and more liable to be frozen : that of Hud- 
ſon though much more to the ſouth, is alſo frozen du- 
ring one part of the year, and a very ſtropg motion 
of flux and reflux has been remarked in theſe ſtraits 
and Mediterranean ſeas, quite contrary to that which 
comes into the Mediterranean ſeas of Europe, whe- 
ther the Mediterrancan or Baltic, where there 1s no 
flux or reflux, which can proceed only from the dif- 
ference of the ſeas motion, which always moving from 
eaſttoweſt, occaſions high tides in the Straits, oppoſite 
to this moving direction, that is to ſay, in the Straits, 
whoſe openings are turned towards the caſt, whereas 
in thoſe of Europe which preſent their opening to 
the weſt, there is no motion; the ocean by its mo- 
tion enters into the firſt, and avoids the laſt ; and 
this is the reaſon that there are ſuch violent tides in 
the ſeas of China, Corea, and Kamtschatka. 

By deſcending from Hudſon's ſtrait towards La: 
brador, we fee a narrow opening, in which Davis in 
1586, failed as far up as 30 leagues, and trathcked a 

little 
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little with the inhabitants, but no one that TI 
know of, has fince attempted the diſcovery of this 
arm of the fea, and we only are acquainted with the 
country of the Eikimaux of all the adjacent land. 
The fort Pon Chartrain is che only and the moſt nor- 
thern habitation of all this country, which 1s onl 

ſeparated by the iſlands of Terra Nova by the little 
ftrait of Bellifle, which is not much frequented ; and 
as the eaſtern coaſt of Terra Nova is in the ſame di- 
rection as the coaſt of Labrador, we muſt regard the 
iſland of Terra Nova as a part of the continent, the 
lame as royal ifland appears to be a part of the 
continent of Acadia, The great bank, and the 
other banks on which the cod is caught, are not 
ſhallow, as might be imagined ; they are of a con- 
ſiderable depth, and produce very violent currents, 
Between Cape Breton and Terra Nova is a ver 

broad ſtrait, by which we enter a {mall Mediterra- 
nean Sea, called the Gulf of St. Laurence; this ſmall 
fea has an arm which extends far into land, and 
ſeems to be only the mouth of the river St. Lau- 
rence : the motion of flux and reflux 1s extremely 
ſenſible in this arm of the fea, and even at Quebec, 
which projects more into the land, the waters rite ſe- 
veral feet high. On quitting the gulph of Canada, 
and following the coatt of Acadia, we meet with a 
{mall gulph called the bay of Bolton, which forms a 
{mall ſquare inlet intothe land. But before we trace this 
coaft farther, it is juſt ro obſerve, that from Terra 
Nova as far as the moſt projecting Antille iſlands, 
as Barbadocs and Antigua, and even as far as Guiana, 
the ocean forms a very great gulf, which reaches for 
500 leagues as far as Florida. This gulf of the new 
continent 1s fimilar to that of the old, of which we 
have taken notice, and fo likewiſe in the eaſtern 
continent the ocean, after having made a gulph be- 
tween Kamtſchatka and New Britain, afterwards 
forms a vaſt Mediterranean Sea, which compre— 
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In the new continent the ocean, after having formed 
a great gulf between Terra Nova and Guiana, forms 
a very-large Mediterranean ſea, reaching from the 
Antilles to Mexico, which confirms our obſervations 
on the ſubject of the effects of the motion of the 
ocean from eaſt to weſt, for it appears that the 
ocean has gained on the eaſtern coaſts of Aſia, and 
thoſe two great gulfs, which the ocean has formed in 
thoſe two continents are under the ſame degree of 
latitude, and nearly of the ſame extent, which forms 
relations or fimilar connections, appearing to pro- 
ceed from the ſame caule. | 

If we examine the pofition of the Antilles, begin- 
ning at Trinity iſland, which is the moſt ſouthern, we 
cannot doubt bur that the iſlands of Trinity, Tobago, 
Grenade, the Grenadilles, St. Vincent, Martinico, 
Maria Galand, Defirado, Antigua, and Barbadoes, 
with every other iſland which accompany them, 
form a chain of mountains, whoſe direction is from 
ſouth to north, like that of the iſland of Terra Nova, 
and the Eſkimaux. Afterwards the direction of the 
Antilles is from eaſt to weſt, beginning at the ifland 
of Barbadoes, then paſſing by St. Bartholomew, Por- 
to Rico, Domingo, and Cuba, nearly as Cape Bret- 
ton, Acadia, and New England. All theſe iſlands 
are fo adjacent to each other, that they may be 
looked up: n as an interrupted tract of land, and as 
the ſummit of an overflow or ſubmerged land. Moſt 
of theſe iſlands in fact are only points of mountains, 
and the ſea which ſurrounds them is a real Mediter- 
ranean, where the motion of flux and reflux is ſcarce- 
ly more ſenfible than in our Mediterranean fea, al- 
though the openings which they preſent to the ocean, 
are directly oppoſite to the motion of the waters from 
eaſt to weſt, which muſt contribute to render this 
motion felt in the gulf of Mexico, but as this ſea is 
very broad, the flux and reflux communicated to it 


by 
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by the ocean, diſperſing itſelf over ſo large a ſpace, 
loſes a great part of its rapidity, and becomes almoſt | 
inſenfible, at the coaſt of Louiſania, and many 
other places. 

Ihe old and new continent appear therefore both 
to have been wathed away by the ocean, to the ſamo 
height and ſame depth; both have afterwards formed 
a vaſt MediterraneanSea,and a great quantity of iflands 
which are ſituated nearly on the ſame height; the 
only difference is, that the old continent being much 
broader than the new, there 1s 1n the weſtern part 
of it a weſt Meditterranean ſea, which cannot be 
found in the new, but it appears that all which 
has happened to the eaſtern countries of the old 
world has alſo happened to the eaſtern parts of the 
new, and that the greateſt deſtruction of the lands is 
made nearly in their middle, and at the ſame height, 
becauſe in fact it is in this middle, and near the 
equator, where the greateſt motion of the ocean is 
made, 

The coaſts of Guiana, comprehended between the 
mouth of the river Oranoko and Amazonia, preſents 
nothing remarkable, but this river the broadeſt in the 
univerſe, forms a conſiderable extent ef water near 
Coropa, before it arrives at the fea by two different 
mouths, which form the iſland of Caviana. From 
the mouth of the Amazon river to Cape St. Roche, 
the coaſt runs almoſt ſtrait from weſt to eaſt ; from 
the Cape of St. Roch to St. Auguſtine it runs from 
north to ſouth, and from Cape St. Auguſtine to the 
Bay of All Saints, it returns towards the weſt; fo 

that this part of Brazil forms a confiderable projec- 
tion in the ſea, which directly faces a like projection 
of land inAfrica. The Bay of All Saints is a ſmall arm 
of the ocean, running about 50 leagues deep in land, 
and much frequented by navigators. From this ba 
to Cape St. Thomas, the coaſt runs direct from north 
to ſouth, and afterwards in a ſouth eaft direQion as 


. far 
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as the mouth of the river Plata, where the fea forms 
a {mall arm, which re- aſcends nearly 100 leagues in 
land. From thence to the extremity of America 
the ocean forms a great gulf, terminated by the ad- 
Jacent lands of Terra del Fuega, as Falkland iſland, 
Cape Aſſumption, Beauchene, and the land which 
forms the Strait de la Roche, diſcovered in 1671: at 
the bottom of this gulf we meet with the Straits of 
Magellan, which is the longeſt of all the Straits, and 
where the flux and reflux is extremely ſenſible: be- 
yond is that of de la Maire, which is ſhorter, and 
more convenient; and at laſt Cape Horn, which is 
the point of the continent of South America. 

We muſt remark on the ſubject of theſe points 
fomed by the continent, that they are all placed in a 
like manner; all facing the ſouth, and moſt of them 
cut by the ſtraits which run from eaſt to welt ; the firft 
is that of ſouth America, which faces the ſouth or 
the ſouthern pole, and is cut by the ſtrait of Magel- 
lan; the ſecond is that of Greenland, which alſo 
directly faces the ſouth, and is alſo cut from eaſt to 
weſt by Forbiſhers ſtraits : the third is that of A- 
frica, which alſo faces the ſouth, and which is be- 
yond the cape of Good Hope, has banks and great 
depths that appear to have been divided from it: 
the fourth is the point of that almoſt iſland of In- 
dus, which is cut by a ſtrait that forms the land 
of Ceylon, and facing the ſouth like all the reſt. 
Hitherto we perceive no reaſon to be given for this 
fingularity, nor to ſay why the points of all the large 
iſlands are all turned towards the ſouth, and almoſt 
all cut at their extremities by ſtraits. 

By aſcending from Terra del Fuega along the 
weſtern coaſt of South America, the ocean very con- 
ſiderably penetrates into the land: and this coaſt 
ſeems exactly to follow the direction of the lofty 
mountains which croſs all South America, from 
fouth to north, trom the equator to Terra del Fuega. 

| Near 
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Near the equator the Ocean forms a 
fiderable gulph, beginning at Cape St. Francois, 
and teaching as far as Panama, where is the famous 
iſthmus, which like that of Suez, prevents the com- 
tiunication of the two ſeas, and without which there 
would be an entire ſeparation, c of the old and new 
Continent, from thence. there is nothing remark-= 
able as far as California, which is a very long pen · 
inſula. In ſhort, the weſtern coaſts. of California, 
have been followed from California, to the 43d de- 
grebe, at which latitude, Drake, who Was the firſt 
chat made the diſcovery, of the land to the north 
of California, and who has called it. New Albion, 
was obliged through exceſfive cold, to change his 
' coarſe and to anchor in 4 in «bay. which” bears 
his name; o that the; ſeas of . theſe elimates have 
not been diſcovexedl beyond the 43 and à4th de- 

ree, no more than the lands of North America, 


e Vaſt of Which that are known, are the Moozo- 


emki, under the 48th degree and the Aſſiniboils un- 
der the grſt, the firſt are much nearer the weſt 
than WF; last. All beyond that, whether land or 
ſea, throughout an extent of more than 1000 leagues 
in length and as many. in breadth is unknown. 

* The ocean therefore ſurrounds the whole earth 
withöbt any interruption of continuity, and the tour 
of the globe may be made by paſſing the point of 
s South America, but it is not yet known whether the 
ocean ſurtounds the northern part of the globe in 
the like manner, and all marigers Whe ave at- 
tempted to * from Europe to China by the narth 
eaſt or north weſt have alike . miſcarried in their 
enterptiſes. * 

The lakes differ from the Mediterranean ſaw, bees 
caufe they do not receive any water from the ocean, 
and that on the contrary, if they have communi- 
cation with the ſeas,” they furniſh them with water, 


thus the Black Sea which ſome eogra hers Pre 
Vor. A 1 n te- 


a pretty con- 
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regarded as a connection with the Mediterranean 
and conſequently as an appendix of the ocean, is 
only a lake; becauſe, in p ace of receiving water 
from the Mediterranean, it ſupplies it wich ſome, 
and flows with rapidity through the Boſphorus in- 
to the lake called the ſea of Mamora, and from 
thence through the ſtrait of the Dardanelles into the 
Grecian ſea. The Black Sea is about 250 leagues 
long by 100 broad and it receives a; great number 
of rivers the moſt conſiderable of which are, the 
Danube, the Nieper, the Don, the Boh, the Don- 
ec, &c. The Don which unites with the Donjec, 
forms before it arrives at the Black Sea, a lake or a 
very conſiderable moraſs, called the Palus Meotide, 
the extent of which is more than 100 leagues in 


length by 20 or 25 broad. The ſea of wg 


which is below the Black Sea, is a ſmaller lake 


"that the Palus Meotide, being no more than go 
leagues long by 8 or 9 broad. 


Some ancicnts, and among the reſt Diodorus 


. Siculus, have written that the Pont Euxine, or the 
Black Sea, was formerly only a large river or lake 


which had no communication with the Grecian 


„ſea; but that this great lake being conſiderably 
. Increaſed with time by the water of the rivers which 
arrive tiere, it at-length opened itſelf a paſſage, 
at firſt on the fide * a 
afterwards on the fide of the Helleſpont. This opi- 
nion appears to be very probable, and the circum- 
ſtance 1s indeed eaſily explained, for, by ſuppoſing 
that the bottom of the Black Sea was formerly 
lower than the river is at preſent, we ſhall readily 
2 that the rivers which come into it, will 


the Cyanean iſlands, and 


have raiſed the bottom of this ſea by the 


mud and ſand. which they brought with them, 


and that conſequently it may have happened 
that the furface of this ſea was ſufficiently elevat- 
_ ed for the water to force itſelf a vent-; and 
— 3 . ac. | as 
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as the rivers till continue to bring ſand ind 

earth, and at the ſame time the quantity af water 

diminiſh the rivers, in proportion as the moun- 

tains from which they drew their ſources, fink 

lower, it may happen in a courſe of years that the 

Boſphorus will be filled: but as theſe effects depend 

on many cauſes, it is ſcarcely poſſible to give 

any other than mere conjectures thereon. From 

this teſtimony of the ancients, Mr. Tournefort in 
his voyage to the Levant, ſays, that the Black Sea 

receiving the waters of a great part of Europe and 

Aſia, after being confiderably-increafed, opens it- 
felf a paſſage by the Boſphorus and afterwards 

forms the Mediterranean, or fo conſiderably aug- 

ments it, that from a lake which it formerly was, 
it became a great ſea, which afterwards opened id 
itſelf a road through the ſtrait of Gibraltar, and . 
that probably this was the time that the Atlantic 1 
iſland mentioned by Plato was ſubmerged; This MM 
opinion has no foundation, fince we are certain that 1 
it is the ocean which flows into the Mediterranean 
and not the Mediterranean into the ocean. Beſides, 
M. Tournefort has not combined two eſſential cir- 
_cumftances,. both of which, nevertheleſs,” he relates; 
'the firſt, which is that the Black Sea received nine 
or ten rivers, hot one of which but ſupplies it with 
more water than it throws out: the ſecond, is, that 
| the Mediterranean does not receive more water 
from the rivers than the Black Sca, although it is 
' ſeven or eight times larger, and that what the Boſ- 
phorus ſupplies it with does not make the tenth 
part of what falls into the Black Sea: how then can 
he ſuppoſe that this tenth part of what falls into 
a ſmall ſea, has formed not'only:a large fea, but 
has alſo ſo greatly increaſed the quantity of water, 
as to have broken down the lands at the ftrait, and 
-fubmerge an iſland larger than Europe? It is eaſy 
to (perceive that this paſſage of M. Tournefort has 
e OCONEE TSS, OY HT RImaC 
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not had due reflection. The Mediterranean on a the 
contrary, receives at leaſt ten times more water 
from the Ocean, than from the Black Sea, becauſe 
the Boſphorus is only 800 feet broad in its narrow- 
eſt part, whereas the ſtrait of Gibraltar is more 


than 500n, and that even by ſuppoſing. them equal, 


* of Gibraltar is by far the deepeſt. 

M. de Tournefort who ridicules Polybius on his 
<opinion that the Boſphorus fills itſelf, and treats-it 
as a falſe prediction, did not pay ſufficient. atten- 
tion to circumſtances, when he afferted the event to 
be impoſſible. This ſea which receives eight or ten 
great rivers, moſt of which bring with them 
much earth, ſand and mud, does it not gradually 
choak itſelf up ? The winds and the natural cur- 
rent of the waters towards the Boſphorus, muſt not 
they convey: thither a part of their earths ?-it is 
on the contrary, therefore, very probable that by 
- a| courſe of time the Boſphorus will be filled, 


when the rivers which comes into the Black Sea ſhall 


be greatly diminiſhed : now all rivers daily di- 
miniſh, becauſe mountains daily grow lower, the 


- yapours which hang round the mountains being the 


- firſt ſources of rivers, their fize and quantity of 
water depends on the quantity of thoſe vapours, 
which cannot fail of diminiſhing as the mountains 


This ſea in fact receives more water from rivers 


tban the Mediterranean, and the ſame author writes 
2s follows * the whole world knows that the great - 


* eſt waters of Europe falls into the Black Sea, by 
% means of the Danube, in which the rivers of 
% Suabia, Franconia, Bavaria, Auſtria, Hungary, 
% Moravia, Carinthia, Croatia, Bothnia, Servia, 


_* Tranftlvania, Valachio, empty themſelves : thoſe 


* of Black Ruſha and Podolia go into the ſame 


, ſea by the Nieſter; thoſe of the ſouthern and 


of caſtern parts of Poland, North Muſcovy, and 
© ehe 


NATURAL HISTORY # 


« the country of the Coffacks enter therein by the 
Neiper or the Boriſthenes; the Tanais and Copa 
* arrive alſo in the Black Sea by the Crimarian 
*« Boſphorus; the rivers 'of ' Mingrelia, of which 
« Pharus is the principal, alſo voids itfelf into 
e the, Black Sea, as does the Caſalmar, the Sangaris 


« and other rivers of Aſia Minor which have cheit 


« courſe towards the north, nevertheleſs the Thras 
„ cian Boſphorus is not comparable to any of theſe 
great rivers,” See Tournefort, (82 

All this proves that evaporation alone is ſuffi» 
cient to raiſe a very conſiderable quantity of was 


ter, and it is from this great evaporation from the 


Mediterranean that the ocean continually flows 
thither through the ſtrait of Gibraltar, It is very 
difficult to eſtimate the quantity of water one ſea 
receives; we ſhould be acquainted with the breadth, 
the depth and rapidity of all the rivers which enter 


therein, to know how much they increaſe and dimi- 


niſh in the different ſeaſons of the year, and when 
even all theſe circumſtances ffould be acquired, 
the moſt important and difficult ſtill remains, which 
is, to know how much this ſea loſes by evaporation 
for, by ſuppoſing it even proportional to the ſurfaces, 
we clearly ſee that it muſt be more conſiderable in a 
hot than in a cold climate ; befides the water mixed 
with ſalt and bitumen evaporates more ſlowly than 
freſh water; a troubled ſea fooner than one that is 
tranquil, and the difference of depth is alſo of 
great effect: ſo that there enters ſo many elements 
into this theory of evaporation, that it is ſcatcely 
poſſible to calculate any exact eſtimations on this 
oint. | FCC 

F The water of the Black Sea appears to be leſs clear 
and much leſs ſaline than that of the Ocean. No 
iſland is to be met with throughout this ſea, tem- 
peſts are very violent here and more dangerous than 

in the Ocean; becauſe the whole body of the waters 
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contained in a baſon, which may be ſaid to 
bave n no outlet, they have a kind of. whirling mo- 
tion, when they are agitated, which ſtrikes the 
ſels on every ſide with an inſupportable violence. 
dee Chardin's Travels. 

N ext to the Black Sea the greateſt lake i in the u- 
Werſe is the Caſpian ſea, whoſe extent in length 
om north to ſouth is about 300 leagues, and 
arcely more than fifty broad, computing it in a 

moderate proportion, This lake receives one of 

the greateſt rivers in the world, i 1. e. the Volga 
and ſome other conſiderable rivers, as the Kier, the 

Fay, and the Gempo ; but what is ſingular, is, 

chat it does not receive any on its eaſtern fide: 

throughout this whole length of 300 leagues. The 
country which borders it on that ſide, being only 

a deſert of ſand, which no one yet has travelled 

over. Czar Peter the. 1ſt, having ſent ſome en- 

gineers there to defign, a chart of the Caſpian ſea, 
diſcovered that the figure of this ſea was quite dif- 
ferent from that given to it in geographical charts, 
it is repreſented round, though it is very long and 
natrow. The eaſtern coaſts of this ſea are there- 
fore not known, no more than the neighbourin 
country: we are 8 as far as the evil. 
once of lake Aral; which is 100 leagues diſtant 
from it towards the eaſt, or if we were acquainted 
with ſome of. theſe boats of lake Aral, it was 
thought to be a part of the Caſpian ſea, ſo that 
bofore the diſcoveries of the Czar, there was land 

in tbis climate upwards of 300 leagues long by 100 

add 1 50 broad which was then unknown. Lake Aral 

in nearly an oblong, and may be yo or 100 leagues 
long, by-30- er 60 broad; it receives two very con- 

„ſtlerable. rivers, the Siaderoacias and the Oxus, but 

. there is no outlet to che W no more than to the 

en 
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Like the Caſpian ſea too, which receives no fi- 
ver on the eaſtern fide, fo the lake Aral receives none 
on the weſt, which muſt incline us to preſume; that 
formerly theſe two lakes formed only one, and that 
the rivert having by degrees diminiſhed. and left a 
very great quantity of ſand and mud, the"country 
which now divides them, was formed of ſuch Mat- 
ters. There are ſome ſmall iſlands in the Caſpian 
ſea, and its waters are much leſs falitie than thoſe 
of the ocean; ſtorms are here very dangerbus, and 
large veſſels are not uſed for navigation therein, as 

it is ſhallow, and many banks and ſhoals are ſcatte- 
red under the ſurface of the water. Piettd dell; 
Valle, writes as follows, © The largeſt veſſels fen 
on the Caſpian ſea, along the 'coafts of 'Mazana 
Perfia, where the town of Ferhabad ſtands; al- 
though they are called ſhips, they appear to me 
to be ſmaller than our Tartanes. They are ve 
high decked, and draw but little water, havinj 
a flat bottom. They give this form to their 
veſſels likewiſe, not only becauſe the Caſpian” ſea 
is ſhallow, but becauſe it is filled with fänd bänks 
and the water is very low in ſome places ; fo that 
if the veſſels were not fabricated in this manner, 
they could not be uſed in that fſea. Indeed, I am 
aſtoniſhed, and not without foundation I preſume 
why at, Ferhabad they fiſh only for falmon, which 
are found at the mouth of the river, and for ſome 
poor ſturgeons and many other ſort of fiſh, natives 
of freſh waters, and which are of little value: and 

as J attribute the cauſe, of it to their ignorance 
of the arts of navigation and fiſhing, of to the 
fear of loſing themſelves if they fiſhed in the open 
fea, "The Chain of Efterabad whoſe refidetce Ts at 
2 fea port, and to whom conſequently the reaſons 
are not unknotn, by the experience he had gained, 
gave me one reaſon, viz, That the waters are fo 
allow 20'and zo miles at ſea that it is impoſſi- 
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ble to caft their nets therein, or to take any fiſh 
which might be of the conſequence of our Tar- 
tanes, ſo that it is for this reaſon they give the 
abovementioned: form to their veſſels, which are 
not mounted with any cannon, as but few Cor- 
fairs and Pirates viſit this ſea, 5 : 
Struys and other travellers have afferted, that in 
the neighbourhood of Cilam, there was two gulphs 
wherein the waters of thc Caſpian ſea were ar 
ed, to proceed afterwards by ſubterranean canals 
into the Perſian gulph. De Fer and other geo- 
graphers haye even marked out theſe gulphs in 
their maps, nevertheleſs theſe gulphs do not exiſt, 
the people ſent by the Czar being aſſured of the 
contrary - (See Mem. Acad. Sciences 1721.) The 
circumſtance of willow leaves being ſeen in great 
quantity on the Perfian gulph, and which are ſup- 
poſed to come from the Caſpian ſea; becauſe 
there are no ſuch trees on the Perſian gulph, 
beipg advanced by the ſame authors, is alſo 
as fictitious as the gulphs, and Gameli Careri, as 
well as, the Muſcovites, affert that theſe gulphs are 
only imaginary : in fact, if we compare the extent 
of the Caſpian ſea with that of the Black ſea, we 
ſhall find that the firſt is near one third ſmaller than 
the ſecond : that the Black ſea receives much more 
water than the Caſpian : the evaporation is ſufficient 
to carry off all the water which falls into- theſe two 
lakes, and that it is no ways neceſſary to 1 8 
Fi the Caſpian ſea, no more than in the Black 
WW: | 

There are lakes which like pools, do not receive 
any river, and from which none go out. There are 
others which do receive rivers, and from which others 
run; and at laſt, fome which only receive rivers, 
The Caſpian ſea and the lake Aral are of the laſt 
kind, they receive the waters of many rivers and 
contain them. Thus the Dead ſea receives the Jordan, 


though 
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continually reſtores it, although, in fact, it is 
ſtronger during the intumeſcence and weaker dur - 
ing the detumeſcence, from the above reaſon. 
The principal circumſtances of this. motion are, 
1. That it is more ſenſible when the moon is new, 
or at the full, than in the quadratures : in ſpring 
and in autumn, it is alſo more violent than at any 
other time of the year, and it is weaker in the ſol- 
ſtices, which is very naturally explained by the com- 
bination of the powers of the attraction of the moon 
and fun. (See Newton's Demonſtrations.) 2. The 
wind often alters the direction and quantity of this 
motion, particularly the wind which conſtantly blows 
from the ſame quarter. It is the ſame with reſpe& 
to large rivers, which convey their waters into the 
fea, and produce a current there often — 
ſeveral leagues, when the direction of the win 
agrees with the general motion, like that from caſt 
to weſt, it becomes more ſenſible : of this we 
have an example in the Pacific ocean, where the 
motion from eaſt to weſt is conſtant and very per- 
ceptible. 3. We muſt remark that when one part of 
a fluid moves, the whole maſs is likewiſe moved: 
now in the motion of the tides, there is a very 
great part of the ocean which moves in a very 
tenfible manner: the whole maſs of the ſea there- 
fore moves at the ſame time and the ſeas are a- 
gitated by this motion throughout their whole ex- 
tent and length. 5 | 
To underſtand this rightly, we muſt attend to the 

nature of the power which produces the flux and 
reflux, and reflect on its actions and effects. We 
have obſerved that the moon acts upon the earth 
by a power called attraction, and by others ch 
this power penetrates through the globe of earth, 
and is exactly proportional to the quantity of matter 
and at the ſame time decreaſes as the fquare of the 
diſtance increaſes 2: this poſition made, let us exa- 


mine what muſt happen by ſuppoſing the moon at 
Ver. VI. N. 4 | the 
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the:meridian of one part of the ſea, The ſurface 
.of the waters being immediately under the moon, 
is then nearer that planet than any other part of 
the globe; hence this part of the ſea muſt be elevat- 
ed towards the moon, by forming an eminence the 
ſummit of which correſponds to the center of this 
planet: for the formation of this eminence, it is 
neceſſary that the water, as well of the ſurrounding 
ſurface at the bottom of the ſea contributes thereto; 
which they in fact do, in proportion of the proxi- 
mity they are in of the planet which performs this 
action in the inverted ratio of the ſquare of the diſ- 
tance : thus the ſurface of that part of the ſea raiſ- 
ing itſelf firſt, the water of the ſurface of the neigh- 
bouring parts will be likewiſe elevated, but to a 
Jeſs height and the water at the bottom of all theſe 
parts will undergo the ſame effect and will raiſe by 
the ſame cauſe, ſo that all this part of the ſea 
growing higher and forming an eminence, it is ne- 
ceſſary that the water of the ſurface and of the 
bottom of the remote parts, and on which this 
force of attraction does not act, proceeds with pre- 
cipitation to replace the waters which are elevated: 
this is what produces the flux, which is more or 
leſs ſenfible on different coaſts, and which, as is 
ſeen, agitates the ſea not only at its ſurface, but 
even to the greateſt depths. The reflux happens 
afterwards by the natural inclination of the water; 
when the planet has paſt and no longer uſes its 
power, the water which was raiſed by the aCtion 
of this foreign power, retakes its level and regains 
the ſhores and the places which it had been forced 
to quit, afterwards when the moon paſſes to the 
meridian of the antipode of the place where we 
have ſuppoſed it firſt raiſed the waters to, 
the ſame effect enſues. The water at this inftant, 
where the moon is abſent and fartheſt diſtant, ſenſi- 
bly raiſes itſelf, as much as in the time where it is 
pre- 


prefent and neareſt that part of the ſea: in the firſt 
caſe, the waters riſe, becauſe they are nearer the 
planet than all the other parts of the globe ; and, in 
the ſecond caſe, it is from the contrary reaſon, 
they do not riſe from - their being more remote 
from it than all the other parts of the globe, and 
this is readily perceived muſt produce the ſame 
effect: for then the waters of this part beipg leſs 
attracted than any other part of the globe, will 
neceſſary remove farther from the reſt of the globe, 
and form an eminence, the ſummit of which will 
anſwer to the point of the leaſt action, i. e. to the 
point of the Heaven directly oppoſite to that where 
the moon is, or what is tantamount, to the point 
where it was thirteen hours before, when it had firſt 
elevated the water; for, when it is arrived at the 
horizon, the reflux happening, the ſea, is then in 
its natural ſtate and the water is in an equilibrium 


and level. But when the moon is at the oppoſite 


meridian, this equilibrium can no longer ſubfiſt, 
ſince the waters of the part oppoſite to the moon 
being at the greateſt diſtance poſſible from that 
planet, they are noleſs attracted than the remaining 
part of the globe, which being intermediate, is 
found to be nearer the moon, and hence their re- 
lative weight, which always retains them in an equi- 
librium and level, impels them towards the oppo- 
fite point to the moon. Thus in the two caſes, 
when the moon is at the meridian of a place, or 
at the oppoſite meridian, the water muſt be raiſed, 
nearly to the ſame quantity and conſequently fall 
and riſe, likewiſe in the ſame quantity when the 
moon is either at the horzion, at its ſetting, or at its 
riſing. We ſee perfectly that a motion the cauſe 
and effect of which are, ſuch as we have juſt men- 
tioned, neceffarily diſturbs the whole maſs of the 
ſea, and agitates it throughout its whole extent 
and depth: and if this motion appears inſenſible in 


the 
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the open ſeas and when we are diſtant from land; 
it is nevertheleſs no leſs real; the bottom and the 
ſurface are moved nearly alike and even the water 
at the bottom, which the winds cannot ruffle like 
thoſe of the ſurface, feel this action much more 
regularly than thoſe of the ſurface, and they have 
a more regular motion, always alternatively direct- 
ed in the ſame manner, 
From this alternative motion' of flux and reflux, 
there reſults as we have already obſerved, a con- 
tinual motion of the ſea from the eaſt towards the 
weſt, becauſe the planet which produces the intu- 
meſcence of the waters, goes itſelf from eaſt to weſt 
and ſucceſſively acting in the ſame direction, the 
water follows the motion of the planet in- the 
ſame direction. This motion of the ſea from - eaſt 
to weſt is very ſenſible in all ſtraits; for example, 
at the ftrait of Magellan, the flux raifes the water 
nearly twenty feet high, and the intumeſcence 
endures fix hours, whereas the reflux or detumeſ- 
cence laſts only two, (See Naſebrough's Voyage.) 
and the water runs towards the weſt, which evi- 
dently proves that the reflux 1s not equal to the flux, 
and that from both theſe there reſults a motion 
towards the weſt, much ftronger in the time 


of the flux than in that of the reflux ; and this 


is the reaſon that in the open ſeas remote from 
land, the tides are only felt by the general motion 
which reſults from them; i. e. by this motion from 
caſt to weſt, ; 

The tides-are ftronger and they ſwell and lower 
the waters much more conſiderably in the torrid 
zone between the tropics, than in the reſt of the 
ocean: they are alſo much more ſenſible in the 
parts which extend from eaſt to weſt, in gulphs 
which are long and narrow, and on the coaſts 
where there axe iſles and promontaries ; the great» 
eft known flux is, as we haye obſerved in the pre- 

ceding 


ceding article, at one of the mouths of the river 
Indus, where the water riſes thirty feet: it is alſo” 
very remarkable near Malays, in-the ſtrait of Sonde, 
in the Red Sea, in Nelſon's Bay, at 55 degrees 
northern latitude, where it rifes 15 feet, at the 
mouth of the river St. Laurence, on the coaſts of 
China, Japan, Panama, in the gulph of Bengal, 
OC + | | 
The motion of the ſea from eaſt to weſt is 
very ſenfible in ſome places, mariners have often 
obſerved it, in failing from India to Madagaſcar 
and in Africa: it is alſo very perceptible in the 
Pacific Sea, and between the Molucca's and Braſil: 
but the place where this motion is moſt violent, 
are the ſtraits which join ocean to ocean. For ex- 
ample, the waters of the ſea are carried with ſuch 
great force from eaſt to weſt by the ſtrait of Ma- 
gellan, that this motion is felt even to a great diſ- 
tance in the Atlantic ocean, and it is ſuppoſed that 
this cauſed Magellan to conjecture that there was a 
ſtrait by which the two ſeas had a communication. 
In the Manilla ſtraits and in all the canals which 
divide the Maldivian iſlands, the ſea flows from caſt 
to weſt, as well as in the gulph of Mexico between 
Cuba and Jucatan : in the gulph of Paria, this mo- 
tion is ſo violent, that the ſtrait is called the Dra- 
gon's Throat. In the Canadian fea, this motion is 
very violent, as well as in the Tartarian ſea and the' 
ſtrait of Waigaits, through which the ocean flowing 
with rapidity from eaſt to weſt, conveys enormous' 
maſſes of ice from the Tartarian ſea into the nor- 
thern ſea of Europe. The Pacific ocean likewiſe 
flows from eaſt to weſt through the ſtraits of Japan, 
the ſea of Japan flows towardsChina,theIndian ocean 
flows towards the weſt into the ſtrait of Java and 
by the ftraits of the other Indian iſlands.” We can- 
not therefore doubt that the ſea has a conſtant and 
general motion from caſt to weſt, and we are af- 


ſured 
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ſured that the Atlantic ocean flows towards Ame- 
rica, and that the Pacific ſea goes from it, as we 
evidently perceive it at the Cape between Lima 
and Panama. 5 . 

On the Whole, the alternatives of the flux and 
reflux are regular and are made in ſix hours and 
2 half on molt of the ſea coaſts, though at different 
hours, according to the climate and poſition of the 
eoaſts ; thus the ſea coaſts are continually beaten 
againſt by the waves, which at each time waſh - 
away ſome {mall parts of matters which they tranſ- 
port far off and depofit at the bottom; ſo likewiſe 
the waves convey on the lower ſhores, ſhells and 
ſands which remain, and which by degrees accumu- 
late by horizontal layers, form at length downs and 
keights as lofty as hills, and which in fact are 
perfectly ſimilar, as well by their form as by their 
internal compoſition: thus the ſea carries many 
marine productions on the lower ſhores, and con- 
vey away to a diſtance all matters which it can waſh 
off from the high coaſts againſt which it acts, either 
in the time of the flux, or in ſtorms and tempeſtu- 
ous weather. 

To giye an idea of the efforts of a troubled 
ſea againſt coaſts, I think it my. duty to relate a 
circumſtance which has been affirmed to me by a 
very credible perſon, and which I have the readier 


given credit. to, as I have myſelf ſeen ſomething 


nearly fimilar. In the principal iſland of the Or- 
cades, there are coaſts compoſed of rocks perpen- 
dicularly divided to the ſurface of the ſea, ſo that 
by being placed on the top of theſe rocks, we may 
let a lead fall to the ſurface of the water, by fixing 
the cord to the end of a rod of nine feet. This ope- 
ration which may be done when the ſea is calm, 
bas given the meaſure of the height of the coaſt, 
i. e. 200 fect. The tide in this place is very con- 
ſiderable as it commonly 1s in all the parts e 
| | there” 
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there are projecting lands and iſlands; but when 
the wind is very ſtrong, which is very common in 
Scotland, and the ſea at the ſame time ſwells, the 
motion is ſo great and the agitation ſo violent that 
the water riſes to the ſummit of the rocks which 
border the coaſt, i. e. 200 feet, where it falls in 
the form ef rain; it even throws to this height the 
gravel and ſtones, which it detaches from the foot 
of the rocks, and ſome of theſe ſtones, by the rela- 
tion of ocular teſtimony which I here quote, are 
broader than the hand. n en 
I have myſelf ſeen in the part of Livonia, where 
the ſea is much more calm, and where there is 
no tide, a tempeſt in December, 1731, wherein they 
were obliged to cut down the maſts of ſome veſſels 
which were in the road, that had quitted their an- 
chors. I have ſeen, I ſay, the ſea riſe above the 
fortifications, which appeared to me ſo confide- 
rably high above the water, and as I was on the 
moſt projecting, I could not regain the town with- 
out being wetted by the ſea water, much more than 
I could have been by the moſt plentifal rain, 
Theſe examples are ſufficient to ſhew us with what 
great violence the ſea acts againſt the coaſts ; this 
violent agitation deſtroys and dimmiſhes by degrees 
the land on the coaſts; the fea carries away all theſe 
matters and' lets them fall as ſoon as a calm has 
fucceeded the agitation. In tempeſtuous weather, 
the water of the ſea which is commonly the clear- 
elt of all waters, is troubled and mixed with the 
different matters which the motion of the waters 
detaches from the ſhore and the bottom, and the 
ſea then caſts on the ſhore a number of things 
which it brings from a diſtance, and which are 
never meet with but after great ſtorms; as amber- 
greaſe on the weſtern coaſts of Ireland, and yellow 
amber on thoſe of Pomerania, cocoa nuts on the 
coaſts of India, &c. and ſometimes pumice ſtones 
| and 
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and other fingular ſtones. We can quote on this 
occaſion a circumſtance related in the new travels 
to the American iſlands. ** Being at St. Domingo, 
ſays the author, among other things they gave me 
ſome light ſtones, which the ſea brought to the 
coaſt when there had been ſtrong ſoutherly winds, 
there was one two feet and a half long by eighteen 
broad, and one thick, which did not quite weigh 
five pounds: it was as white as ſnow, much harder 
than pumice ſtones, of a fine eonſiſtency, having 
no appearance of any porofity, but when it is thrown 
into-water, it rebounds like a ball that is thrown 
on the ground: it is with difficulty ſunk above half 
an inch ;” this ſtone muſt be a very fine and cloſe 
grained pamice ſtone, which iſſues from ſome vol- 

' Cano, and which the ſea had conveyed, as it tranſ- 
ports ambergreaſe, cocoa nuts, common pumice 
ſtone, ſeeds of plants, ruſhes, &c. on this ſubject 
we may - conſult Ray's diſcourſes and obſervations 
on this kind have been generally made on the coaſts 
of Ireland and Scotland. The ſea by its general 
motion from eaſt to weſt, \muſt convey the produc- 
tions of our coaſts to thoſe of the American's, and it 
is likely that by irregular motions, which we are 
unacquainted, that it brings the productions of the 
eaſt and weſt Indies on our ſhores, as well as the 
productions of the north. There is a great appear- 
ance that the wind has a great ſhare in theſe ef- 
fects. It has often been obſerved in the high ſeas, 
far from ſhore, large ſpots covered with pumice 
ſtones ; it cannot be ſuppoſed otherwiſe, than that 
they proceeded from the volcano's of iſlands or land, 
which the current tranſported to the middle of the 
ſeas. Before the ſouthern part of Africa was known, 
and in the time when the Indian ſea was thought to 
have no communication with our ocean, an index 
of this kind afforded the firſt ſuppoſition of ir. 
Ts alternative motion of the flux and reflux, and 
| the 
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the conſtant motion of the ſea from eaſt; to weſt, 
preſents different phenomena in different climates, 


according to the bearing of the land, and the height 
of the coaſts; there are parts where the general 


motion from eaſt to weſt, is not ſenfible;;z there are 


others where the ſea has even a contrary motion, as 
on the coaſt! of Guinea. But theſe motions ſo con- 
trary to the general motion, are occaſioned by the 
winds, by the poſition of the lands; by the waters 
of large rivers, and by the diſpoſition of the bot - 
tom of the ſea, all theſe cauſes produce- currents 
which alter, and often perfectly change the gene- 
ral motion in many parts of the fea : but as the 
motion of the ſea from eaſt to weſt, is the greateſt; 
moſt general and conſtant, it muſt alſo produce the 
greateſt effects, and all taken together, the ſea muſt 
in time gain ground towards the weſt, and leave to- 
wards the eaſt, although it may happen that on 
thoſe coaſts where the winds from the eaſt blow 
during the greateſt part of the year, as in France, 
England, the ground gains towards the weſt, but 
once more, theſe particular exceptions do not de- 
ſtroy the effect of the general cauſe. 


— 
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ARTICLE XII. 


Of the Inequalities of the bottom of tie Sea and of 
SETS | Currents. . oy 


T H E coaſts of the ſea may be diſtinguiſhed into 


three kinds, 1ſt. the elevated or lofty coaſts, 


which are rocks and hard ſtones, generally divided 


n and which riſe ſometimes to the 
eight of 7 or 800 feet. 2d. The low coaſts, ſome 


of which are flat, and almoſt of a level with the ſur- 


face of the ſea, and others rifing with a moderate 
elevation, often bounded by rocks at the water's 
Vol. VL O edge 
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ob 

5 ſhelves, which render the approach 
to ſhore very difficult and dangerous. 3dly. Downs, 
which are coaſts formed by ſand which the ſea accu- 
mulates, or which are depoſited by rivers, theſe 
downs form hills more or leſs elevated according 
to the accumulated ſand. | 249017) 
The coaſts of Italy are bordered by ſeveral ſorts 
of marble and ſtone, the rocks which form the 
evaſt, appear at a great diſtance as ſo many pillars 
of — perpendicularly divided. The coaſts of 


France from Breſt to Bourdeaux are almoſt every 


where ſurrounded with rocks juſt at the waters edge, 
very dangerous to mariners. The ſame are ſeen on 
the coaſts of England, Spain, and many others of the 
ocean and mediterranean, which are bordered with 
rocks and hard ſtone: excepting ſome parts which 
have been profitably made uſe of for bays, ports, 
and havens. | ts, 
+ The depth of water along the coaſts, is generally 
ſo much the greater as the coaſts are more or leſs 
elevated; the inequality of the depth of the ſea a- 
long ſhore, alſo correſponds with the inequality of 
the ſurface of the ground, I ſhall here quote a paſ- 
lage from a celebrated navigator. 

& I have conſtantly remarked that in thoſe parts 
where the coaſts is defended by ſharp rocks, the 


| ſea is there very deep, ſo as ſeldom to afford a pro- 


bability of anchoring, andjon the contrary, where 
the ground inclined from the coaſt, however clevated 
it may be further inland, the bottom is good there, 
and conſequently admits of anchorage.” | 

It is therefore certain, that there are inequalities 
in the bottom of the ſea, and very conſiderable 
mountains, according to the obſervations navigators 
have made with the lead. Divers likewiſe aſſure 
us, that there are other ſmaller inequalities formed 
by rocks, and that it is very cold in the vallies of 


the ſea; in general the depths increaſe in the great 


d ſeas 
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ſeas, as we have already obſerved, ina very uniform 
manner, as they are more remote or nearer the 
ſhore. By Mr. Buache's map of a part of the ocean 
included between the coaſts of Africa and America, 
and by the divifions he has given to the ſea between 
Cape Tagrin and Rio Grande, there appears to be 
inequalities in the ocean, as well as on land. That 
the Albrolhos where there are ſome rocks at the 
ſurface of the water, are only the tops of very large 
and lofty mountains, of which the iſland of Dau- 
phiny is one of the higheſt peaks. That the iſlands 
of Cape Verd are alſo no more than the tops of 
mountains; that there a great number of ſhoals 
in the ſea, and that the ground round the Albrol- 
hos deſcends even to unknown depths . 

With reſpect to the quality of the differents ſorts 
which form the bottom of the ſea, as it is impoſ- 
ſible to examine it cloſely, and that we muſt rely 
on Divers and the plumb, we can ſay nothing exact 
or preciſe concerning it; we only know that there 
are parts covered with mud to a conſiderable depth, 
on which anchors have no hold, in theſe parts pro- 
bably the mud of rivers are depoſited. In other 
meg are ſands fimilar to ours on land, and which 
ike thoſe are found of different colours and ſize. 
In others are ſhells, heaped up together, madrepo- 
res, corals, and other animal productions, which 
begin to unite, and form ſtones ; in others are frag» 
ments of ſtones, gravel, and even often entire ſtones 
and marble, For example, in the Maldivian iſlands 
the buildings are made of the hard ſtone which is 
weighed up from ſeveral fathoms depth under 


water. At Marſeilles very good marble is had from 


the bottom of the ſea, I have ſeen ſeveral ſamples 
of it, and ſo far from the ſea altering and ſpoiling 
the ſtone and marble; in our diſcourſe of minerals 
it is proved, that they are formed and preſerved 
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'in the ſea, whereas the ſun, earth, air, rain and 
water corrupts and deſtroys them. 

We therefore cannot doubt but that the bottom 
of ſea is compoſed of the ſame matters as our habi- 
table land, and that the ſame things are to be had 
from the bottom of the ſea as from the ſurface of 
the earth; fo likewiſe ſpacious places are found at 
the bottom of the ſea, covered with ſhells, ma- 
drepores and other productions of ſea matters; as we 
meet with on earth an infinity of quarries and banks 
of chalk and other matters replete with theſe ſort 
of ſhells, madrepores, &c. ſo that in all reſpects 
the known parts of the globe reſemble thoſe cover- 
ed by the water, whether for compoſition and mix- 
ture of matters, or for the ine qualities of the ſu- 
Perficies. 

It is to theſe inequalities of che bottom of the 
ſea, we muſt attribute the origin of currents; for 
it is eaſily conceived that if the bottom of the ocean 
Was equal and level, there would be no other cur- 
rent in the ſea than the general motion from eaſt 
to weſt and a few other motions, which might be 
cauſed by the action of the winds and which would 
follow their direction: but a certain proof, that 
moſt currents are produced by the flux and reflux 
and directed by the inequalities of the bottom of 
the ſea, is, that they regularly follow the tides 
and change direction at each flux and reflux. See 
Pietro della Valle, on the ſubject of the currents of 
the gulph of Cambay, and the accounts of all na- 
vigators, who unanimouſly aſſert that in thoſe parts 
where the flux and reflux of the ſea is the moſt 
violent and impetuous ; the currents there are alfa 
moſt rapid. 

Therefore it cannot be doubted but that the flux 
and reflux produce currents whoſe directions always 
anſwers that of the oppoſite Hills ox mountains 
be- 
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between which they flow. Currents which are 
produced by winds, alſo follow the direction of 
thoſe hills which are under the water, for they are 
not almoſt conſtantly directly oppoſite to the wind 
which produces them, no more than thoſe which 
are cauſed by the flux and reflux, do not therefore 
follow the ſame direction. * 63. + 

To give a clear idea of the production of cur- 
rents, we ſhall firſt obſerve, that they are to be 
met with in every ſea, that ſome are more rapid 
and others ſlow, that there are ſome of great ex- 
tent both in length and breath, and others which 
are ſhort and narrow ; that the ſame cauſe, whether 
the wind, the flux and reflux, which produces 
theſe currents, gives to each of them a velocity and 
direction often different; that a north wind, for 
example, which ſhould give the water one general 
motion towards the ſouth throughout the whole ex- 
tent of the ſea where it acts, on the contrary pro- 
duces a great number of currents feperated from 
each other and very differeyt both in extent and 
direction. Some flow direct towards the ſouth, 
others to the ſouth eaſt, and others to the ſouth 
weſt ; ſome are very rapid, others more ſlow, ſome 
ſtronger or weaker, ſome broader and narrower than 
others, and that in ſo great a Variety ef combina- 
tion, that we can find nothing fimilar to them ex- 
cept the cauſe which produces them, and when a 
contrary wind ſucceeds, as often happens at ſea and 
regularly in the Indian ocean, all theſe currents take 
an oppoſite direction to the firſt, and follow in a 
contrary direction the ſame roads and the ſame 
courſe as that of thoſe which went to the ſouth, go 
to the north, thoſe which flowed towards che ſouth 
eaſt, go towards the ſouth weft, &c. having"the 
ſame extent in length and breadth, the ſame velo- 
city, and their courſe in the middle of the 'other 
waters of the ſea, is preciſely made after the ſame 
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mode as would be made on land between two op- 
Faule and adjacent ſhores: as is ſeen at the Mal- 
ivian iſlands and between all the iſlands of the In- 
dian ſeas, where the currents go in the ſame direc - 
tion as the winds for fix months, and for the other 
ſix months in a contrary direction; the ſame re- 
mark has been made on currents between banks of 
land, &c. and in general all currents whether cauſ- 
ed by the motion of flux or reflux, or the action 
of the wind, have conſtantly the ſame extent, 
breadth and direction throughout their whole courſe, 
but very different from each other in length, breadth, 
Tapidity and direction, which can proceed only from 
the inequalities of the hills, mountains and vallies 
at the bottom of the ſea; as is obſerved between 
two iſlands, where the current follows according to the 
direction of the coaſts as well as between the banks 
of ſand, ſhoals, &c. We muſt therefore look on the 
hills and mountains of the bottom of the ſea, as 
ſhores which direct the current, and hence a cur- 
rent is a river the breadth of which is determined 
by that of the valley through which it flows, and the 
Tapidity depends on the force which produces it, 
combined with the greater or leſſer breadth of the 
ipterval through which it muſt — whoſe direc- 
tion is traced by the poſition of the hills and in- 
equalities between which it muſt take its coruſe. 
This being underſtood, we ſhall give a palpable 
reaſon for this fingular circumſtance, of this correſ- 
pondence of-the angles of mountains and hills ; which 
are to be met with in every part of the world. By 
turning our eyes on rivulets, rivers, and all running 
aters, we ſhall perceive that the ſhores which con- 
fine. rhery always form alternative oppoſite angles 
ſo that when a river forms an elbow, one of the 
borders, forms on one ſide a projection inland, and 
the other on the contrary, forms a point from land, and 


that through all the ſinuoſities of their courſe, this cor- 


reſpond- 
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reſpondence is always found. It is in fact founded on 
the laws of the motion of the water, and the equality 
of the action of fluids, and it would be eaſy to de- 
monſtrate the cauſe of this effect, but it is here ſuf - 
ficient that it is general and univerſally: known, and 
that all the world may be convinced of it by their 
own eyes, every time that the ſhore of a river forms 
a projection in land, which ſuppoſing to be the lefe 
hand, the other ſhore on the contrary, forms a pro» 
jection from land on the right hand, 0 "7 LI 
Hence the currents of the ſea muſt be looked 
upon as great rivers, or running waters, ſubject to 
the ſame laws as the inland rivers and will like them 
form in the extent of their courſe, many ſinuoſities 
whoſe projections or angles will be different, and 
as the ſhores of theſe currents are hills and moun- 
tains above or below the ſurface of the water, they 
will have given theſe eminences the ſame form as is 
remarked on the ſhores. of rivers. - Therefore, we 
muſt not be aſtoniſhed that our hills and mountains, 
which have been formerly covered by the ſea, by the 
motion of the currents have taken this regular fi- 
gure, and all the angles are alternately oppoſite 3 
they have been the ſhores of the currents or rivers 
of the ſea ; and have therefore neceſſarily taken 4 
figure and direction ſimilar to thoſe of the ſhores 
of the rivers of the earth, and conſequently every 
time that the left ſhore ſhall have formed a projet» 
ing angle, the right will have formed- a contra 
one, as we may obſerve in all oppoſite hills. 
This alone independent of the other proof, would 
be ſufficient to evince, that the earth of our conti- 
nent has been formerly ſubmerged ; and the uſe 
that I make of this obſervation of the correſpondence 
of the angles of mountains, and the cauſe that J aſ- 
ſign for it, appears to me to be the ſources of light 
and demonſtrations of. the preſent ſubject. For it 


was not ſufficient to have proved that the external 
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ſtrata of the earth have been formed by the ſedi- 
ments of the ſea ; that the mountains are elevated 
by the ſucceſſive aſſemblage of fuch ſediments ; 
that they are compoſed of ſhells and other marine 
productions; but it is required alſo to give a reafon 
for this regularity of the figure of hilts, whoſe angles 
are correſponding, and to find the true cauſe of it: 
that no perſon till now, had even ſuppofed it, and 
which nevertheleſs being united with the reſt forms 
2 body of proofs, as complete as may be had in 
phyſics, and furniſhes a theory founded on facts, 
and independents of all hypotheſis, on a ſubject 
which has never been attempted in this manner; 
and on which it appeared to be permitted, and even 
neceſſary, to gain every aſſiſtance we could free from 
ſuppoſitions and hypotheſes, in order to be able to 
ſpeak of any think conſequential or ſyſtematical. 

The principal currents of the ocean are thoſe 
obſerved in the Atlantic ſea, nor Guinea: they ex- 
tend from Cape Verd to the bay of Fernandos: 
their motion is from weſt to eaſt, contrary to the 
general motion of the ſea from eaſt to weſt; theſe 
currents are very ſtrong, ſo that veſſels may ſail in 
two days from Moura to Rio de Benin, 1. e. a courſe 
of more than 150 leagues, but they require more 
than fix or ſeven weeks to return; they cannot even 
get out of this part, but by profiting of the tem- 
peſtuous winds, which rite all on a ſudden in theſe 
climates ; but there are entire ſeaſons, during which 
they cannot ſtir, the ſea being continually calm, 
excepting what ariſes from the motion of the cur- 
rents, which is always directed towards the coaſts 
in this part: theſe currents do not extend more than 
20 leagues from ſhore. Near Sumatra there are 
rapid currents which flow from the ſouth towards the 
north, and which probably have formed the gulph 
between Java and Magellan. There are alſo very 
great currents betwixt the Cape of Good Hope and 


the 
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'the iſland of Madagaſcar, and eſpecially on the 
coaſt of Africa, between the country of Natal and 
the Cape. In the Pacific ſea, on the coaſt of Peru, 
and the reft of America, the ſea moves from ſouth 
to north, and a fouth wind continually blows there, 
which ſeems to be the cauſe of theſe currents : the 
like motion is obſerved on the coaſts of Brazil 
from Cape St. Auguſtine to the Antilles, at the 
mouth of the Manilla Strait, at the Phillipine iſlands, 
and in the port of Kubuxiu at Japan. (See Varen. 
Geography, page 140. | 
here are very violent currents in the ſea adjacent 
to the Maldivian iſlands, and between theſe iflands 
theſe currents flow, as I have obſerved, conſtantly 
for fix months from eaſt to weſt, and retrogade; du- 
ring the other fix months, they follow the direction 
of the monſoons ; and it 1s probable they are pro- 
duced by thoſe winds, which is known to blow in 
that ſea for fix months from eaſt to weſt, and fix- 
months in a contrary direction; | 
To conclude, we ſpeak here only of currents whoſe 


extent and rapidity are very conſiderable : for in 
every ſea there are an infinity of currents known to 
mariners only by comparing the courſe they have 


made, with that which they ſhould have made, and the 


are often obliged to attribute the driving their veſſel 
to the action of theſe currents. The flux and reflux, 


the winds, and all other cauſes, which may give agi- 


tation to the waters, muſt produce currents, more or 
leſs perceptible in different parts. We have obſer- 
ved that the bottom of the ſea, like the ſurface of 
the eatth is overſpread with mountains, ſtrewed with 
inequalities, and divided by banks of ſand : in all 


mountainous and divided places, currents will be vio- 
lent; in all flat places where the bottom of the ſea 
is level, they will be almoſt imperceptible, the ra- 
pidity of the current will increaſe in proportion to 
the obſtacles the water meets with; or rather, to the 

Vor. VI. P con- 
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contraction of the ſpaces through which they incline 
to paſs. Between two chains of mountains in the 
ſea, a current will neceſſarily be formed, which 
will be ſo much the ſtronger as thoſe two mountains 
are cloſer : it will be the ſame between two banks 
of ſand, or two neighbouring lands. It is alfo re- 
marked in the Indian ocean, which is divided with 
an infinity of iſlands and banks, that throughout 
there are very rapid currents, that renders the 
navigation of that ſea very dangerous. In genera] 
*heſe currents have directions ſimilar to thoſe of the 
winds, or the flux and reflux which produce them. 
Not only all the inequalities of the bottom of the 
fea, muſt form currents, but the coaſts themſelyes 
muſt make partly a ſimilar effect, all coaſts cauſe the 
water to ebb at greater or leſſer diſtances, as this 
ebbing of the waters is a kind of current which cir- 
cumſtances can render continual and violent. The 
oblique poſition of a coaſt, the vicinity of a gulph, 
or of ſome-great river, a promontary; in one word, 
every particular obſtacle which oppoſes the general 
motion, will always produce a current. Now, fas 
nothing is more irregular than the bottom and bor- 
ders of the ſea, we muſt therefore, ceaſe from being 
ſurprized at the great aumber of currents every where 
met with. * | 
All theſe currents have a determinate breadth, 
which does not vary, this breadth of the current de- 
pends on that of the interval which is between the 
two eminences which ſerves it for a bed. The cur- 
rents flow into the ſea, as rivers flow on land, and 
they produce fimilar effects: they form their bed 
aol give to eminences, through which they flow, a 
regular figure, whoſe angles are correſpondent : 
In one word, it is theſe currents which hallowed our 
vallies, and gave to the ſurface of the earth, when 
it was ſubmerged, the form it now retains. 
If any one doubts of this correſpondence of the 
angles 
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angles of mountains, I dare appeal to the fight 
of every man, eſpecially when they have read what 
is above ſaid. I only require any one to examine 
as he travels, the potition of oppotite hills, and the 
projections which they make in the vallies, he will be 
convinced by his fight that the valley was the bed, 
and the hills the ſhores of the currents, for the o 

pofite fides of a hill exactly correſpond, like two 
thores of a river. Whenever the hills to the right of 
the valley form a projection, the hills to the left of 
the valley form a neck: theſe hills have alſo nearly 
the ſame elevation, and it is very rare to ſee an 

great any of height in the two hills ſeperated 
by a valley. I can aſſert that the more I have looked 
on the circumference and heights of hills, the more 
J have been convinced of the correſpondence of the 
angles, and of the reſemblance they have with the, 
beds and borders of rivers, and it is by reiterated 
obſervations in this ſurprizing regularity, and on 
that ſtriking reſemblance, that my firſt ideas on 
the theory of the earth aroſe; let us add to 
theſe obſervations, that of the parallel and horizon- 
tal ſtrata, that of the ſhells diſperſed throughout 
the earth, and incorporated in every matter, and 
we ſhall ſee if there can be any thing which can 
carry a greater probability with it, on a ſubject of 
this kind. | 


ARTICLE XIV. 
Of regular Winds, 


OTHING appears more irregular and variable, 
than the force and direction of winds in our 
climates, but there are countries where this irregula- 
rity is not fo great, and others where the wind con- 


ſtantly blows in one direCtion, and with almoſt the 
ſame ſtrength. 


* 
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Although the motion of the air depends on a great 


number of cauſes, there are nevertheleſs principal 
ones, of which we may eſtimate the effects, but it is 
difficult to judge of the modifications which other 
ſecondary cauſes may bring thereto. The moſt po- 
werful of all theſe cauſes, is the heat of the ſun, which 
produces ſucceſſively a conſiderable rarefaction in 


different parts of the atmoſphere, which cauſes the 
eaſt wind that conſtantly blows between the tropics, 
where 1arefaction is the greateſt. ] 
The force of the ſun's attraction and even that of 
the moon on the atmoſphere, are cauſes whoſe effect 
1s inſenfible in compariſon of that which we have 
Juſt mentioned ; it is true that this force -produces in 
the air, a motion ſimilar to that of the flux and re- 
flux in the ſea, but this motion 1s nothing in compa- 
riſon of the agitations of the air, which are produ- 
ced by rarefaction: for it muſt not be ſuppoſed that 
the air, becaufe it has a ſpring, and is 800 times 
lighter than water, muſt receive by the action of the 
moon a very contiderable flux: provided we reflect 
2 little thereon, we thall perceive that this motion is 
ſcarcely more conſiderable than that of the flux and 
reflux of the fea : for the diſtance of the moon being 
{ſuppoſed the ſame, a ſea of water, air, or any other 
like fluid matter, we chuſe to imagine, will have 
nearly the ſame motion, becauſe the force which pro- 
duces this motion penetrates the matter, and is pro- 


portional to its quantity; thus a ſea of water, air, 


or quickſilver, would elevate itſelf nearly to the ſame 
height, by the action of the fun and moon; and hence 
we ſee that the motion which the attraction of the 
planets may cauſe in the atmoſphere; is not conſide- 
rable enough to produce a ſtrong agitation, and al- 
though it muſt cauſe a ſlight motion of the air from 


' eaſt to weſt, this motion is totally inſenſible in com- 
parton of that, which the heat of the ſun muſt pro- 


duce by rarefying the air; and as the rarefaction 
| will 
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will be always greater when the ſun is at the Zenith, 
it is clear that the current of air muſt follow the ſun, 
and form a conſtant and general wind from eaſt to 
weſt ; this wind blows continually over the ſea in the 
rorrid zone, and in moſt parts of the land between 
the tropics, it is the ſame wind as we feel at the 
fun's riſing; and in general the eaſt winds are much 
more frequent and impetuous than the weſt; this 
general wind from eaſt to weft extends even beyond 
the tropics, and blows ſo conſtantly in the pacific ſea, 
that veſſels which fail from Acapulco to the Phili 
pines, go that road, which 1s more than 2700 leagues 
without any riſque, and as we may ſay, without any 

need of the pilot's aid. It is the ſame with reſpect to 
the Atlantic ſea, between Africa and Brazil, this wind 
conſtantly blows there: it is felt alſo between the 
Philippines and Africa, but not in ſo conſtant a man- 
ner, by reaſon of the iſlands, and different obſtacles 
that are met with in that fea, for during the months 
of January, February, March, and April it blows 
between the Mozambic coaſt and India, but during 
the other months it gives place to other winds : and 
although this eaſt wind is leſs felt on the coaſts than 
in the open ſea, and ftill leſs in the middle of con- 
tinents than on the coaſts of the ſea ; nevertheleſs 
there are places where it almoſt continually blows, 
as on the oriental coaſts of Brazil, on the coaſts of 
Louango, in Africa, &c. 

This eaſt wind which continually blows under the 
line, is the cauſe, that when we fail from Europe to 
America, the courſe of the veſſel is directed from 
the north to the ſouth, in the direction of the coaſts 
of Spain and Africa, as far as 20 degrees on this fide 
the line, where this eaſt wind is met with which 
carries us directly on the coaſts of America and 
again in the Pacific ſea, the voyage from Callao or 
Acapulco to the Phillippine iſlands, is made in two 
months by the favour of this eaſt wind: but the 
return from them to Acapulco is longer and more 


diffi- 
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difficult; at 28 or zo degrees of this coaſt from the, 
line, we find the weſtern winds pretty conſtant, 
which 1s the reaſon that the veſſels which return from 
the Eaſt Indies to Europe, do not ſhape the ſame 
track as in going; thoſe from New Spain fail along 
the coaſts and towards the north till they arrive at 
the Havannahs, and from thence they gain the nor- 
ther coaſts to meet with the weſterly winds which, 
carries them to the Acoras and afterwards to Spain; 
ſo likewiſe in the ſouthern ſea thoſe which return 
from the Phillipines, or from China to Peru or Mexi- 
co, gain the north as far as Japan, and navigate un- 
der that parallel to a certain diſtance from Cali- 
fornia, from whence, coaſting along New Spain, 
they arrive at Acapulco. Theſe caſt winds do not. 
always blow from one point, but in general are to 
the ſouth eaſt from April to November, and to the 
north caſt from November to April, 

The eaft wind by its action contributes to increaſe 
the general motion of the ſea from eaſt to weſt ; it 
alſo produces currents which are conſtant, and have 
their direction, ſome from eaſt to weſt, others from weſt 
to eaſt; and from the eaſt to the ſouthweſt or northweſt, 
following the direction of the eminences and chains of 
mountains which are at the bottom of the ſea, the 
vallies of which that divide them, ſerve as canals 
to theſe currents; fo likewiſe the alternative winds 
which blow ſometimes from the eaſt, and ſometimes 
from the weſt, produce alſo currents which change 
direction at the ſame time as theſe winds do. 

The winds which blow continually for ſome 
months, are generally followed by contrary winds, . 
and mariners are obliged to wait for that which is, 
favourable to them; when theſe winds change, a 
calm or dangerous tempeſt enfues for ſeveral days and 
ſometimes a month. | | 


Theſe general winds cauſed by the rarefaction of 
the atmoſphere, combine differently by different 
K | cauſes 
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caufes in different climates ; in part of the Atlantic 
ſea, under the temperate zone, the north wind blows 
almoſt conſtantly during the months of October, 
November, December, and January, which is the 
reaſon why theſe months are the moſt favoutable to 
embark from Europe to India, in order to paſs the 
line, by the favour of theſe winds, and it is known 
by experience, that ſhips which quit Europe. in the 
month of March do not arrive fooner at Brazil than 
thoſe which fail in the month of October. The north 
wind almoſt continually reigns during winter in Nova 


Zembla, and the other northern coaſts: the ſouth 


wind blows during the month of July to Cape Verd, 
when the rainy feaſon, or winter of theſe climates 
ſets in: at the Cape of Good Hope the north weſt 
wind blows,during the month of September: at Patna, 
in India, this north weſt wind blows during the 
months of November, December, and January, and 
produces heavy rains ; but the eaft wind blows dur- 
ing the other nine months. In the Indian ocean, 
between Africa and India, as far as the Molucca 
iſlands, the monſoons reign from eaſt to weſt from 
January to the beginning of June, and the weſt winds 
begin in the months of Auguſt and September, dur- 
mg the interval of June and fuly there are very great 
tempeſts, generally from the north winds, but on 
the coaſts, theſe winds vary much more than in the 
Open {ea, 


In the kingdom of Guzarat, and on the coaſts of 


the neighbouring ſea, the north winds blow fro 
the month of March, till the month of Septembe 
and during the other months of the year, fouth winds 
almoſt always reign. The Dutch, to return from 
Java, generally ſet fail in the month of January or 
February by an eaſterly wind which 1s felt as far as 
18 degrees northern latitude, after which they meet 
with the fouth winds which carry them to St. 
Helena, See Varen. Geography, gener. cap. 20. 
There 


7 
* 
N 
— 
'5 
* 
bs \ 
= 
wo 
: 4 
© 
5 
2. 
= 
15 
*T 
"7 
wv 
; 
v7 
. 7 
* 


_ _ 1 5 2 ä 
n 


©. on 


J 
U 
0 
N 
' 


is | 
* 
5 
NV 
i? 
[ N 
1 
4 
+ 
RB 
\ 
f 6 
1 
? ? 
- 


— — — Be eee D —— 
p — 1 — 
* 
4 
< 
9 
= 
DIY 
_ 


— n = CO 
my wg —— D—— ——— —-—. = 
OE I Ur es tt te en ro nan > rn mn es pn wes, 
AA * 
— 
— 


_ 
2. wy rt a * 


22 NATURAL HISTORY; 


There are regular winds produced by the melt- 
ing of the ſnow : the ancient Greeks have taken 


notice of them. During ſummer the north weſt winds 


and during winter thoſe of the ſouth eaſt are felt in 
Greece, "Thrace, Macedonia, the Egean ſea, and 
as far as Egypt and Africa; the ſame kind of winds 
are remarked at Congo, at Guzarat, and at the ex- 
tremity of Africa, which are all produced by the 
melting of the ſnow. The flux and reflux of the 
fea alſo produce regular winds which remain only a 
few hours, and in many parts, winds are obſerved 
which proceed from the land during night, and from 
the ſea during the day, as on the coaſts of New 
Spain, Congo, at the Havannah, &c. 

The north winds are pretty regular in the cli- 
mates of the polar circles; but the more we approach 
the equator, the weaker are theſe north winds, which 


is common to the two poles. 


In the Atlantic and Ethiopian ocean, there'is an 
eaſt wind which is general between the tropics, 
laſting all the year without any conſiderable vari- 


tion, 3 ſome few {mall places, where it 


changes according to the circumſtances and poſition 
of the coaſts ; 1. Near the coaſts of Africa, as ſoon 
as we have paſled the canary iſlands, you are ſure 
of meeting with a freſh wind, from the north eaſt to 
about 28 degrees north latitude, this wind ſeldom 
paſſes the north eaſt or the north weſt, and it accom- 
panies you as far as 10 degrees north latitude, to a- 
bout 100 leagues from the coaſt of Guinea, where at 


the 4th degree north latitude we meet with calms 


and tornadoes : 2d, Thoſe which go to the Carrib- 
bean iſlands, in approaching America, find that 
this wind{from the north eaſt veers mort and more to 
the eaſt, in proportion as they approach it nearer : 
3dly. The limits of theſe variable winds, in this 
ocean, are greater on the American coaſts, than on 
thoſe of Africa, There is a part in this ocean, where 


the 
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ſouth and the ſouth weſt winds are continual ; viz. | 
all along the coaſt of Guinea in a ſpace of | 
leagues, from Sierre Leona as far as the iſland of 
St. Thomas; the narroweſt part af that ſea is from 
Guinea as far as Brafil, about goo leagues. | Never- 
theleſs ſhips which fail from Guinea, do not direct 
their courſe ſtrait to Braſil, but they deſcend from 

- the ſouthern coaſt, eſpecially when they ſet fail in 
the month of July and Auguſt, by reaſon of the 
the ſouth eaſt winds which reigns at that times ; 
See Abridg. Phil. Than. vol. 11. p. 129. 

In the Mediterranean, the winds blow from 
the land towards the ſea at the ſuns ſetting and 
on the contrary from the ſea towards the land at 
its riſing, ſo that in the morning it is an eaſterly il 
wind and in the evening a weſterly wind; the ſouth 1 
wind which is rainy and which generally blows at 
Paris, Burgundy, and Champagne at the beginning 
of November, and which cedes to mild and tem- 
perate breezes, produces the fair weather vulgarly 
called the ſummer of St. Martin's. 

Doctor Liſter, in other reſpects a good naturaliſt, 
pretends that the general eaſt wind obſerved be- 
tween the tropics all the year, is produced only 
by the reſpiration of the plant called the ſea lentil, 
which is extremely plentiful in thoſe climates, and 
that the difference of the winds on the land pro- 
ceeds only from the different diſpoſition of the'trees 
and foreſts, and he very ſeriouſly gives this ridicu- 
lous i imagination for 'a cauſe of the wind, by ſay- 
ing, that at noon the wind is ſtronger becauſe the 
plants are hotter and reſpire the air oftener, and 
that it blows from eaſt to weſt, - becauſe all the 
plants turn and reſpire with the fan. 

Other. authors, who have © ſeen clearer in- 
to the cauſe of this conſtant wind, have menti- 
oned the motion of the eatth on its axis; but this 


opinion is only ſpecious, and it is eaſy to make 
Vor. VI. per- 
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perſons, even but little initiated in mechanics Goa. 
.prehend, that all fluids which ſurround the earth, 


cannot have particular motion from the rotati- 


on of the globe; that the atmoſphere can have no 
other motion than that of this rotation, and that 
all turning together at one time, this motion of ro- 
tation is as inſenſible in the atmoſphere as it is on 
the ſurface of the earth. | 


The principal cauſe of this conſtant motion is, 
as we have obſerved, the heat of the ſun, on this 


ſubject we refer to Halley's Treatiſe in Phil. 


Trans. and in general all cauſes which in the air 


will produce a conſiderable rarefaction or condenſa- 
tion, will produce winds whoſe directions will be 
always direct or oppoſite to the places where the 
. greateſt rarefaction or condenſation ſhall be. | 


The preſſure of the clouds, the exhalations of the 
earth, the inflamation of metcors, &c. are cauſes alſo 


which all produce conſiderable agitations in the at- 
moſphere. Each of theſe cauſes combining in dit- 
| ferent manners, produces different effects: it ap- 
| pears to me therefore, that we vainly attempt to 


aſſign a theory of the wind; and that we muſt li- 
mit ourſelves, by ſtudying to form the hiſtory of 
it, and it is with this view that I have collected 


- circumſtances which might ſerve thereto. 


If we could have a courſe of obſeryations on the 
direction, power, and variation of the wind, in dif- 


| ferent climates ; if this courſe of obſervations was 
exact and extenſive enough, for us to ſee at one 


glance, the reſult of theſe viciſſitudes of the air in 
every country, I do not doubt, that we ſhould 
arrive to that degree of knowledge, from which we 
are very remote; to a method by which we might 


_ foreſee and predict the different ſtates of the heavens 


and the difference of the ſeaſons ; but 'a ſhort time 
has paſſed ſince meteorological obſervations have 
| been 
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been made, and much leſs ſince they have been 
made with care, and poſſibly much more will paſs 
before we know how to employ the reſults of them, 
which nevertheleſs, are the only means that we 
have to arrive at ſome poſitive knowledge on this 
ſubject. 8 8 

On the ſea, the winds are more regular than on 
the land, becauſe the ſea is an open ſpace in which 
nothing oppoſes the direction of the wind: on 
land, on the contrary, mountains, foreſts, towns, 
&c. ſorm obſtacles which change the direction of 
the wind, and which often produce contrary winds. 
Theſe winds reflected by the mountains, are felt in 
all the different provinces, with an impetuoſity which 
is often as great as that of the direct wind, which 
produces them: they are likewiſe very irregular, 
becauſe their direction depends on the ſize, height, 
and fituation of the mountains which refle& them. - 
The ſea winds blow with greater power than the 
land winds, they are alſo not ſo variable, and laft 
longer. Land winds however violent they may be, 
have moments of remiſſion, and ſometimes of quiet: 
in thoſe of the ſea, the current of wind is conſtant 
and continual, without any interruption, the diffe- 
rence of theſe effects depends on the cauſe we have 
juſt indicated. 

In general, on the ſea, the caſt wind and thoſe 
which come from the poles, are ſtronger than 
the weſt and thoſe which proceed from the 
equators. On the land, on the contrary, the weſt 
and ſouth winds, are more or leſs violent than the 
eaſt and north winds, according to the ſituation of 
the climates. In ſpring and autumn, the winds 
arc more violent than in ſummer or winter, as well 
on ſea as land, we can give many reaſons thereon, - 
1. Spring and autumn are the ſeaſons which form 
the higheſt tides, and conſequently the wind, that 
theſe tides produce are more violent in theſe two 
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ſeaſons: 2. the motion which the action of the 
ſun and moon produce in the air, that is to ſay, 
the flux and and reflux of the atmoſphere, is alſo 
greater in the ſeaſon of the equinoxes ; 3. the melt- 
ing of the ſnow in ſpring, and the reſolving of the 
_— the ſun raiſes during ſummer, which 
refall in plentiful rains during autumn, produce, 
or at leaſt increaſe the wind: 4. change from heat 
to cold cannot be made without increaſing and di- 
miniſhing conſiderably, the volume of air, which 
alone muſt produce very high winds. 

Contrary currents are often obſerved in the air; 
clouds which move in one direction, and others 
which are higher or lower than the firſt which 
move in a contrary direction; but this contrariety 
of motion does not remain very long, and is com- 
monly produced only by the reſiſtance of ſome clouds 
to the action of the wind and by the re- action of the 
direct wind which reigns ſolely as ſoon as the obſtacle 
is diſſipated. FA 

The winds. are more violent in mountainous 
places than m plains, and -the higher we aſcend, 
the more the power of the wind increaſes until! we 
reach the common height of the clouds, that is to 
ſay, to about one quarter or one-third of a league 
perpendicular height ; beyond that height the ſky 
is: generally ſerene, at leaſt during the ſummer, and 
the wind low. It is even aſſerted to be quite inſen- 
ſible at the ſummit of the higheſt mountains, not- 
withſtanding the greateſt part and even the higheſt 
of theſe ſummits, being covered with ſnow and ice, 
it is natural to ſuppoſe that this region of air is agi- 
tated by the wind when the ſnow falls; therefore it 
can be only during ſummer that the winds are to be 
felt. Might it not be faid that in ſummer the light 
vapours which riſe to the ſummit of theſe moun- 
tains, -fall in the form of dew, whereas in winter 
they condenſe, freeze, and fall in ſnow orvice, which 

in 


NATURAL HISTORY. 125: 


in winter may produce winds below theſe mountains, 
although there is no ſummer. | | | 
A current of air increaſes in velocity, like a cur- 
rent of water, where the ſpace of its paſſage” is 
ſtraitened, which is rarely perceptible in a wide and 
open plain, the ſame wind which was moderate in an 
open plain, becomes violent in paſhng' through a 
narrow. paſſage between two mountains, or fimply 
between two lofty buildings and the point of the 
moſt violent action of the wind is above theſe ſtruc- 
tures or mountain ſtrait. The air being compreſſed 
by the reſiſtance of theſe obſtacles has a greater maſs, 
denſity and the ſame velocity ſubſiſting; the effort or 
guſt of wind, the momentum becomes much ſtronger; 
this is the cauſe that near a church, or a cattle; 
the winds ſeem to be much ſtronger, than they are at 
a certain diſtance from theſe edifices. I have often 
remarked, that the wind reflected by an iſolated 
building does not prevent it from being more vi- 
olent than a direct wind, which produced this re- 
flected wind, and ſince I have endeavoured to diſ- 
cover the reaſon of this, I have been able to find no 
other than the above, the impelled air compreſſes 
againſt the building and is reflected, not only with 
its former velocity, but alſo with a greater body, 
which, in fact, renders its action much more violent. 
Not to confider that the denſity of the air, which 
is greater at the ſurface of the earth than in every 
other point of the atmoſphere, we might be led to 
imagine that the greateſt action of the wind ſhould 
be likewiſe at the ſurface of the earth, and I in- 
deed think that this is really the caſe when the ſky 
is ſerene ; but when it is covered with clouds, the 
moſt violent action of the wind is at the height of 
rain or ſnow, We muſt therefore ſay, that the 
ſtrength of the wind muſt be eſtimated, not only by 
the velocity, but alſo by the denfity of the air, from 
whatſoever cauſe this denſity might proceed, and that 
| | it 
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it muſt often happen that one wind which ſhall 
have no more velocity than another, will neverthe- 
leſs root up trees, and overturn buildings, only 
from the air impelled by this wind being denſer ; 
this evinces the imperfection of the machines in- 
vented to meaſure the velocity of the wind. 
Particular winds, whether direct or reflected, are 
more violent than general winds. The interrupted 
action of land winds depends on this compreſ- 
ſion of the air, which renders each blaſt much more 
violent than it would be if the wind blowed uniform- 
ly: however 8 ſtrong continued wind may be, it 
never occaſions the diſaſters, Which the rage of the 
wind produces, which blows, if I may expreſs my- 
ſelf ſo, by fits ; we ſhall give examples thereof in 
the follewing article. 
We might confider wind, and their directions, 
under general points of view, from which poſlibly 
we might derive uſeful inductions: for example, 
it appears to me probable to divide the winds by 
zones, that the eaſt wind, which extends to about 
25 or 30 degrees on each fide the equator, muſt be 
regarded as exerciſing its action all around the globe 
in the torrid zone: the north wind almoſt always 
as conſtantly in the frigid zone, as the eaſt wind in 
the torrid zone; and it has been diſcovered that at 
Terra del Fuega, and in the moſt remote parts of 
the northern pole which have been diſcovered, the 
wind comes alſo from the pole, Therefore it may 
be ſaid that the eaſt wind occupying the torrid zone; 
the north wind occupies the friged zone: and with 
reſpect to the temperate zone, the winds which 
reign there are, if I may uſe the expreſſion, only 
currents of air, whoſe motion is compoſed of 
thoſe two winds whoſe direction tends to the 
weſt; and with reſpect to the weſterly winds, 
whoſe direction tends to the eaſt, and which often 
-reign in the temperate Zone, whether in the 2 
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fic ſea, or in the atlantic ocean, may be regarded 
as winds refle&ed by the lands of Afia and America, 
the firſt origin of which is due to the eaſt and 
north winds. | 

Although we have ſaid that generally 2 
the eaſt winds reign around the globe to about 25 
or 30 degrees on each ſide the equator, it is never- 
theleſs certain that in ſome parts they extend to a 
much leſs diftance, and their direction is hot every 
where from the eaſt to the weſt; for on this ſide the 
equator it is a little eaſt north eaſt, and beyond the 
equator it is eaſt ſouth eaſt, and the further we re- 
move from the equator, whether to the north, or 
to the ſouth, the more the direction is oblique, the 
equator is the line, under which the direction of the 
wind, from eaſt to weſt is the moſt exack: for ex- 
ample, in the Indian ocean the general wind from 
eaſt to weſt ſcarcely extends beyond 15 degrees. 
Sailing from Goa to the Cape of Good Hope this 
wind is not met with till we have paſt the equator: 
but when we arrive at the 12th degree ſouth lati- 
tude, this wind is met with to the 28th degree ſouth 
latitude. In the fea which divides Africa from A- 
merica, there is an interval from the 4th degree 
to the 1oth or 11th degree north latitude, where 
this general wind is not fenfible ; but beyond this 
roth or 11th degree, this wind reigns, and reaches 
the zoth degree. 

There is alſo much exception to be made to the 
ſubje& of the monſoon winds, whoſe motion is al- 
ternative. Some remains a longer or ſhorter time, 


others extend to greater or leſs diſtances, others are 
more or leſs regular, or more or leſs violent. We 


ſhall here relate after Verenius the principal phæ- 
noinena of theſe winds, In the Indian ocean be- 
tween Africa and India as far as the Molueca's, the 
eaſt winds begin to reign at the month of January, 
and laſt till the beginning of June; in the month 

of 


_— __ * : — — ̃ —ẽ— 2 
* — = — — - — = — K 2 — 2 3 : — 2 * 

Ls 4 = 4 . 0 2 
ER IT Sas i oy : | 


LY 
* 
7 —— — 
1 
—— - 


1 
[ 

| 

| 

| 

| 

| 

| ; 


1289 NATURAL HISTORY, 


af Auguſt or September begins the contrary motion, 
and the weſt winds reign during three or four 
months; in the intervals of theſe monſoons, that is 
to ſay, at the end of June, in the month of July, 
and beginning of Auguſt, there is no wind on that 
ſea, but they have violent ſtorms, which come 
from the north. 
Theſe winds are ſubject to the greateſt variations 
drawing near land, for ſhips cannot depart from the 
"Malabar coaſt, no more than the other weſtern 
coaſts of the peninſula of India, to ſail to Africa, 
Arabia, Perfia, &c. than from the month of Janu- 
ary to the month of April and May; for from the 
end of May, and during the months of June, July, 
and Auguſt there are ſuch violent tempeſts form- 
ed by the north or north eaſt winds, that ſhips 
are not able to ſtand out to ſea; on the contrary, 
on the other ſide of this peninſula, that is to ſay, 
on the ſea which bathes the Coromandel coaſt, theſe 
tempeſts are not known. | 
I 0o ſail from Java, Ceylon, and many other parts, 
to the Molucca iſlands, the month of September is 
the moſt proper time, becauſe the weft wind then 
begins to blow in theſe parts; nevertheleſs, when 
we remove from the equator to 15 degrees north la- 
titude, we loſe this weſt wind and meet with the ge- 
neral wind, which is ſouth eaſt to ſail from Cochin 
to Molucca, in the month of March ; becauſe the 
. weſt- winds begin to blow at that time, therefore 
_ theſe, weſterly winds are perceptible at different times 
in the Indian ſea ; we fail then as we have obſerved, 
at one time from Java to the Molucca's, at another 
time to go from Cochin to Molucca, at another time 
to go from Molucca to China, and alſo at another 
time to fail from China to Japan. | 
At Banda the weſt winds. finiſh to the end of 
March, then reigns variable winds and calms during 
the month of April, at the month of May the eaft 
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winds begin again with a great violence; at Ceylon, 
the weſterly winds begin towards the month of March, 
and remains till the beginning of October, when the 
eaſt or rather north eaſt wind returns: at Madagaſcar 
from the middle of April to the end of May the 
north and north weſt winds are to be met with, but 
in the month of February and March the caft and 
ſouth winds reign : from Madagaſcar to the Cape of 
Good Hope, the north and collateral winds blow 
during the months of March and, April : in the 
Gulph of Bengal, the ſouth wind blows ftrongly after 
the 2oth of April ; before which time the-ſouth weft 
or north weſt winds reign in that ſea: the weſt 
winds are alfo very violent in the ſea of China, dur- 
ing the months of June and July, which is likewiſe 
the moſt ſuitable ſeaſon to go from China to Japan; 
but to return' from Japan to China, the months of 
February and March are preferred, becauſe the caſt 
or north eaſt winds reign then in that ſea.” 
„ 'There are winds which may be regarded as 
particular to certain coaſts ; for example, the ſouth 
wind is almoſt continual on the coaſts of Chili and 
Peru, it begins at the 46th degree, or thereabouts, 
ſouth latitude, ahd extends beyond Panama, which 
renders the voyage from Lima to Panama, much 
eaſier performed than the return. The weſtern 
winds blow almoſt continually, or at leaſt very fre- 
quently, on the Magellanic coaſts, and o'er the en- 
virons of the ſtrait of Maire: the north and north 
weſt winds almoſt continually reign on the Malabar 
coaft : the north weſt wind is alſo very frequent on 
the coaſt of Guinea, and at a certain diſtance from 
that coaſt, in the open ſea we meet with the north 
eaſt wind very frequently: the weſterly winds reign 
on the coaſts of Japan, in the months of November 
and December.” 

The alternative or periodical winds, which we 
have juſt been ſpeaking of, are ſea winds ; but there 
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axe alſo land winds, which are periodical, and re- 
turn either at a. certain ſeaſon, or in certain days, 
or even at certain hours; for example, on the Mala- 
bar coaſt, from the month of September to April a 
land wind blows from the eaſtern fide, this wind ge- 
nerally commences at midnight and finiſhes at noon, 
and is 'not felt beyond 12 or 15 leagues from the 
coaſt, and from noon till midnight a weak ſea wind 
reigns, which comes from the weſt: on the coaſt 
of New Spain in America, and on that of Congo 
in Africa, land winds reign during the night, and 
ſea winds during the day : at Jamaica the winds 
blow from all quarters at once during the night, and 
veſſels cannot then come in, nor depart from it with 
ſafety in the day time. : 
In winter the port of Cochin is not to be entered and 
no veſſel can quit it, becauſe the winds blow there 
with ſuch impetuofity, that ſhips cannot remain at 
ſea, and beſides the weſterly winds which blow 
there with ſuch fury, brings to the mouth of the ri- 
yer Cochin ſo great a quantity of ſand as prevents 
the poſſibility of thips and even barks from entering 
it during fix months of the year; but the eaſt winds 
which blow during the other fix months, repels theſe 
ſands into the ſea, and renders the entrance of the 
river free. At the ſtrait of Babel-mandel there are 
ſouth eaſt winds which reign there throughout the 
ſeaſon, and which are always ſucceeded by north weſt 
winds. At St. Domingo there are two different winds, 
which regularly riſe almoſt eyery day, the one a ſea 
wind proceeding from the eaſtern coaſt and com- 
mences at 10 o'clock in the morning, the other a land 
wind, which comes from the weſt, riſes at fix or 
ſeven o'clock in the evening, and remains all night. 
There are many other circumſtances of this nature 
to be extracted from travellers, the knowledge of 
which, might perhaps lead us to give a hiftory 
| of 
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of winds which might be a very ufeful work for 
navigation and phyſics,  __ | 
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ARTICLE XV. 


Of irregular Winds, Hurricanes, and ſome other Pheno- 
mena cauſed by the Agitation of the Sea and Air. 


THE winds are more irregular on the land, than 

on the ſea, and more irregular in the higher 
lands than in plains. 'The mountains not only alter 
the direction of winds, but even they produce winds, 
which are either conſtant or variable according to 
different cauſes; the melting of the ſnow, which 
is upon the mountains, generally produces, con- 
ſtant winds, which ſometimes remain very long ; the 
vapours which are ftopt by mountains which accumu- 
late there, produce variable winds, very frequent in 
all climates, and there are ſo many variations in 
theſe motions of the air, as there are inequalities 
on the ſurface of the earth. We can therefore give 
only examples on this point, and relate circumſtan- 
ces which are atteſted, and as we are deficient in a 
courſe of obſervations on the variation of winds, and 
even on that of the ſeaſons in different countries, we 
do not pretend to explain all the cauſes of theſe diffe- 
rences, and we confine ourſelves to thoſe which ap- 
pear the moſt natural and propable, ; 

In the ſtraits, on all the projecting coaſts, at the 
extremity and in the environs of all promontories, 
peninſulas and capes and in all narrow gulphs, ſtorms 
are frequent: but beyond that there are ſeas much 
more tempeſtuous than others. The Indian ocean, 
the ſapan ſea, the Magellanic ſea, that of the Afri- 
can coaſt beyond the Canaries, and on the other fide 
towards the country of Natolia, the Red ſea, &c. 

are 
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are very liable to ſtorms, The Atlantic ocean is 
more ſtormy than the ocean, which is called from its 


- tranquility, the Pacific & a; nevertheleſs this Pacific 


ſea is not abſolutely tranquil, except between the 
tropics, and about the temperate zones, and the 


more we approach the poles, the more we are ſubject 


to variable winds, whole ſudden change often cauſes 
tempeſts. DM 

All terreſtrial continents are ſubject to variable 
winds, which often produce ſingular effects: in the 
kingdom of Cachemira, which 1s ſurrounded by the 
mountains of Caucaſus, at the mountain Pire Pinjale, 
ſudden changes are experienced ; we paſs, as I may 
fay, in leſs than an hour from ſummer to winter: 
two winds direaly oppoſite reigns there, the one 
north and the other ſouth, which according to Ber- 
nier, we ſucceſſively experience in leſs than 200 feet 
diſtance ; the poſition of this mountain muſt be ir- 
regular, and merit obſervation. In the penin- 
ſula of India which is croſſed from north to ſouth by 
the mountains of Gate, there is winter on one fide 
of them, and ſummer on the other fide at the 
ſame time, ſo that on the coaſt of Coromandel the 
air is ſerene, tranquil, and very hot, whereas at that 
of Malabar,although under the ſame latitude,the rains, 
ſtorms, and tempeſts, render the air as cold as it 
poiſibly can be in that climate; and on the contrary 
when it is ſummer at Malabar, it is winter at Coro- 
mandel. The like difference is met with on the 
two fides of Rozalgate Cape in Arabia, in a part of 
the ſea which is to the north of the cape there reigns 
a great tranquility, whereas in the part which is to 
the ſouth violent tempeſts are experienced, It is 
likewiſe the fame in the iſland of Ceylon, winter 
and high winds are experienced in the northern parts 
of the iſland, whereas in the ſouthern parts, there is 
yery fine ſummer weather; and on the contrary, 
when the northern part enjoys the mildneſs of ſum- 
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mer, the ſouthern part in its turn is plunged in à dark, 
ſtormy, and rainy air. This not only happens in 
many parts of the Indian continent, but alſo in many 
iſlands; for example, at Ceram, which is a long 
iſland in a vicinage at Amboyna, they have winter 
in the northern part of the iſland, and ſummer at 
the ſame time in the ſouthern part, and the interval 
that divides the two ſeaſons, is not above three or 
tour leagues, 5 

In Egypt during ſummer, very often hot ſouth 
winds reign, which diſturbs the reſpiration, and 
raiſes ſo great a quantity of ſand, that the ſky ſeems 
covered with thick clouds; this ſand is ſo fine and 
driven with ſuch force, that it penetratesevery where, 
even into the cloſeſt cofters, when theſe winds laft 
many days they cauſe epidemical diſeaſes, which are 
often followed by a great mortality, It very ſeldom 
rains in Egypt, nevertheleſs every year there are 
ſome days rain during the months of December, Ja- 
nuary, and February; thick miſts are alſo formed 
which are more frequent there than rain, eſpecially 
in the environs of Cairo, theſe miſts begin in the 
month of November and continue during winter, 
they riſe before the ſun riſes ; during the whole year 
there falls ſo plentiful a dew, when the ſky is ſerene, 
that it might be taken for a ſlight rain. 
In Perfia winter begins in November and remains 
till March, the cold is intenſe enough there to form 
ice, and much ſnow falls in the mountains, and often 
a little in the plains; from the month of March to 
thatof May, winds riſe which blow with great ſtrength, 
and bring heat with them : from the month of May 
to September the ſky is ſerene and the heat of the 
{ſeaſon moderate during night, through the freſh 
breezes which riſe every evening and remain till the 
enſuing morning. In autumn there are winds, which 
like thoſe of the ſpring, blow ſtrongly : nevertheleſs, 
although theſe winds are very violent, it is very rare 
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that they produce hurricanes and tempeſt : but in ſum- 
mer there often ariſes along the Perſian gulph, a very 
dangerous wind, called by the natives Samyel, which 
is ſtill hotter and more terrible than that of Egypt, 
which we have juſt ſpoken of: this wind is mortal 
and ſuffocating, its action is almoſt fimilar to that of a 
whirlwind of enflamed vapour, and the effects can- 
not be avoided when any perſon is unfortunately en- 
veloped therein. In ſummer on the Red ſea, and 
in Arabia there alſo ariſes a wind of the ſame kind, 
which ſuffocates men and cattle, and which carries 
off ſo great a quantity of ſand, that many perſons 
aſſert that this ſea will in time be choaked by the 
ſucceſſive gatherings of ſand which fall therein. 
There are often ſome clouds of ſand in Arabia, 
which darken the air and form dangerous whirlwinds, 
At Vera Cruz when the north wind blows, the 
houſes of the town are almoſt buried under the ſand, 
which a ſlight wind brings thereto. In ſummer alſo 
hot winds rife at Negapatan in the peninfula of In- 
dia, as well as at Petapouli and Maſulipatan ; theſe 
burning winds which deſtroy people, are fortunately 
but of ſhort duration, but very violent, and the 
greater ſwiftneſs they come with, the more burning 
they are, whereas all other winds refreſh ſo much 
the greater as their velocity is found to be : this diffe- 
rence proceeds only from the degree of heat in the 
air: as long as the heat of the air is not ſo great as 
that of the body of animals, the motion of the air is 
refreſhing, but if the heat of the air is greater than 
that of the body, then the motion of the air heats 
and burns; at Goa the winter or rather the rainy 
and tempeſtuous ſeaſon, is in the months of May, 
June, and July, without which the heat would be 
inſupportable in that country. | 
The Cape of Good Hope is famous for its tem- 

peſis,agd the fingular cloud which produces them: this 
cloud appears at firſt only like a ſmall round ſpot 

in 
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in the ſky, called by the failor's the O's Eye, I ima- 


ine it appears ſo minute from its exceeding great 
height. Of all the travellers who have ſpoken of 
this cloud, Kolbe appears to be the only one who 
examined it with ſtrict attention, his words are as 
follow: vol. 1. page 224, &c. The cloud ſeen 
on the mountains of the Table, or of the Devil, or of 
the Wind, is compoſed, if I am not deceived, of an 
infinity of ſmall particles, impelled firſt againft the 
mountains of the Cape, towards the eaft, ' by- the. 
eaſterly wind which reigns during almoſt the whole 
year 1n the torrid zone ; theſe particles thus impelled 
are ſtopt in their courſe by theſe high mountains, 
and collect on their eaftern fide : then they be- 
come vifible and form theſe aſſemblage of clouds, 
which being inceſſantly driven by the eaſt wind, 
riſe to the ſummit of theſe mountains; they do 
not long remain there tranquil, obliged to advance, 
they ingulph themſelves between the hills before 
them, where they are bound and confined like a 
canal, the wind preſſes them underneath, and the 
oppoſite fides of the two mountains retain them in a 
direct line: wheh in advancing they arrive at the 
foot of a mountain, where the country is a little 
more open, they extend and unfold theſmelves, and 
become again inviſible, but they are preſently driven 
on the mountains, by other clouds which are behind 
them, and thus arrive with much impetuofity on the 
the higheſt mountains of the cape, which are thoſe 
of the Vird or Table, where a contrary wind 
blows; then it makes an hideous conflict, being im- 
pelled behind and repelled before, which produces 
horrible whirlwinds, either on the high mountains I 
ſpeak of, or in the valley of the Table where theſe 
clouds would precipitate. When the north weſt 
wind has quitted the field of battle, the ſouth eaſt in- 
hives pak, continues to blow with more or leſs vio- 
lence, it reinforces itſelf while the cloud of the 


Ox's 
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Ox's Eye is thick, becauſe the particles which ar- 
rive there collect behind it: it diminiſhes as 
foon as its thicknefs is leſſened becauſe fewer par- 
ticles preſs behind: it is entirely lowered when the 
cloud is no longer apparent, becauſe there is no new 
ar not ſufficient particles any longer comes from the 
eaſt; the cloud in ſhort never difappears, or rather 
always appears of the ſame fize, becauſe the new 
8 replace behind thoſe which are diſſipated in 
ront. 

All theſe phenomenical circumſtances leads to 
an hypotheſis, which well explains every part 
of them: behind the mountain of the Table we re. 
mark a train of light white miſts, which com- 
mencing on the eaftern deſcent of this mountain, 
incline to the ſea, and occupy the Stony mountains 
throughout all their extent, I was very often employed 
in contemplating this train, which, according to m 
opinion was cauſed by the rapid paſſage of the part! - 
cles abovementioned, from the Stony mountains to 
that of the Table.” *** 

Theſe particles which I ſuppoſe muſt be extreme- 
ly embarraſſed in their road, by the frequent ſhocks 
and counter ſhocks cauſed not only by the mountains, 
but alſo by the ſouth and eaſt winds which reign at 

places circumjacent to the Cape: I have already 
ſpoken of the two mountains ſituate on the points 
of Bay Falgo, or Falſe Bay, when the particles 
which I conceive are impelled on theſe mountains 
by the eaſterly winds, they are repelled from them 
by the ſouth, which carry them on the neighbouring 
mountains; they are ſtopt there and appear in clauds, 
like thoſe formed on the two mountains of Bay Falgo; 
theſe clouds are often very thick on Hottentct Holland, 
on the mountains of Stenltenborch, of Draken/tein, and 


Kone, but particularly on the mountain of the Table, 
and on that of the Devil. | 
r 
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In ſhort, what confirms my opinion. is, that con- 
ſtantly two or three days before the ſouth eaſt wind 
blows on the Lions Head, {mall black clouds are per- 
ceived to cover it; theſe clouds according to my opini- 
on, are compoſed of the particles which I have ſpoken 
of; if the north weſt wind ſtill reigns when 
arrive there, they are ſtopt in their courſe, but are 
never driven to a great diſtance till the ſoutheaſt winds 
commence. ' 

The firſt mariners who approached the Cape of 
Good Hope, were ignorant of the effects of theſe 
fatal clouds, which forms in the air fo flowly, 
tranquilly and without any motion, and which 
all at once flaſhes the tempeſt, and cauſes a ſtorm 
which precipitates veſſels to the bottom of the ſea, 
eſpecially when the fails are unfurled. In Natolia, 
a ſmall cloud alſo forms fimilar to the os eye, at the 
Cape of Good Hope, and from this cloud iſſues a 
terrible wind, which produces the like effects. In 
the ſea between Africa and America, eſpecially un- 
der the equator and in the neighbouring parts of it, 
theſe kind of tempeſts very often ariſe; near the 
coaſt of Guinea ſometimes three or four of theſe 
ſtorms are formed in a day, they are cauſed and an- 
naunced, like thoſe of the Cape, by ſmall black 
clouds : the reſt of the ſky is generally very ſerene, 
and the fea calm. he firſt blaſt which iſſues 
from theſe clouds is furious, and would fink ſhips in 
open ſea, if they did not take the precaution to furl 
the fails : it is principally in the months of April, 
May and June that theſe tempeſts are experienced 
on theGuinea ſea, becauſe no regular wind blows there 
during the ſeaſon ; the ſeafon of theſe ſtorms on the 
adjacent ſea to the coaſts of Loango, are thoſe of the 
month of January, February, March and April. On 
the other fide of Africa, at the Cape of Giradafu, theſe 
kinds of tempeſts riſe in the month of May and the 
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clouds which produce them are generally in the north 
like thoſe of the Cape of Good Hope. 


All theſe tempeſts are therefore produced by the 


winds which iflue from a cloud and which have a di- 


rection, either to the north or ſouth, north eaſt or 
ſouth weſt, &c. but there are other kinds called hur- 
ricanes, which are ftill more violent than theſe, and 
in which the winds feem to proceed from all the 
coaſts, they have a whirling motion which nothin 

can reſiſt. A calm generally precedes theſe hor- 
rible tempeſts, and the ſea then appears as a piece of 
fea : but in an inſtant the fury of the winds raiſes 
waves as high as the clouds. There are parts of 
the ſea, where we cannot land, becauſe alternativel 


there are * calms and hurricanes of this kind: 


the Spaniards have called theſe places calms and tor- 
nados, the moſt confiderable are near Guinea at two 
or three degrees north latitude, they are 300 or 
350 leagues in length by as many in breadth, 
which forms a ſpace more than - 100,000 leagues 
ſquare : a calm or ſtorms are almoſt continual on 
the coaſt of Guinea, and there are veſlels which have 
been retained there three months without being able 
tO quit it. | | 

When to contrary winds come all at once in the 
ſame place, as to a center, they produce theſe whirl- 
winds by the contrariety of their motions; but when 
theſe winds meet with other | winds in oppoſition 
which counterbalance their action; then they turn 
round a great ſpace in which a perpetual calm reigns, 
and this is what forms the calms we ſpeak of and 
from which it is impoſſible to get out. Theſe parts 
of the ſea are marked on Senex's globes, as well as 
the directions of the different winds which generally 
reign in all the ſeas. Ia fact, I ſhould be inclined to 
believe that the contrariety alone of the winds could 
not produce that effect, if the direction of the coaſts 
and the particular form of the bottom of the = - 
; theſe 
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theſe places did not contribute thereto, I imagine 
therefore that the currents cauſed by the winds, but 
directed by the form of the coaſts and the inequalities 
of the bottom of the ſea, all incline in certain places, 
and that their oppoſite and contrary direction form 
tornados in a plain ſurrounded on all fides by a chain 
of mountains. | 

Gulphs appear to be no other than the eddies of 
the water formed by the action of two or more op- 
poſite currents: the Euripus ſo famous for the death 
of Ariſtotle, alternately abſorbs and rejects the water 
feven times in twenty-four hours ; this gulph is near 
the Grecian coaſt, The Charybidis which is near 
the ſtrait of Sicily, rejects and abſorbs the water 
thrice in twenty-four hours : on the whole we are nor 
quite certain of the number of alternatives of motion 
in theſe gulphs. Doctor Placentia in his treatiſe cal - 
led Egeo Redivivo, ſays, that the Euripus has irregu- 
lar motions for eighteen or nineteen hours in a month, 
and regular motions for eleven ; that in general ir 
ſwells only one foot and ſeldom two: he lays like- 
wiſe, that authors do not agree on the flux and reflux 
of the Euripus; that ſome aſſert, that it is made 
twice, ſome ſeven, others fourteen times in twenty- 
four hours, but that Loirius having examined it for 
a whole day, he obſerved it every fix hours in an 
evident manner and with fo violent a motion, that 
each time it was able to turn the wheel of a mill 
round. oy. | 

The greateſt known gulph is that of theNorway ſea, 
which is affirmed to be upwards of twenty leagues 
circuit. It abſorbs for ſix hours all what is nigh it, 
water, ſhips, &c. and afterwards returns them in 
the ſame quantity of time as it drew them in. 

It is not neceſſary to ſuppoſe there are holes and 
abyſſes in the bottom of the ſea which ſwallow up 
the waters continually, to aſſign a reaſon for the 
gulphs : it is well known that when water has two 
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contrary directions, the compoſition of theſe motions 


produce a circular whirling and ſeem to form a void 


Place in the center of this motion, as may be obſery- 


ed in many places near the piles which ſupport the 
arches of Bridges, eſpecially in rapid rivers: it is the 


ſame with reſpect to gulphs of the ſea, they are pro- 


duced by the motion of two or three contrary cur- 
rents, and as the flux and reflux are the princi- 
pal cauſe of currents, ſo that during the flux they 
are directed from one fide, and during the reflux 
they go in a contrary direction. It is not at all a- 
ſtonithing, that the gulphs which reſult from theſe 
currents, attract and ſwallow up all. what ſurrounds 
them for many hours, and afterwards in the ſame 
quantity of time reject all they have abſorbed. 1 
Gulphs therefore are only the eddies of the water 
produced by oppoſite currents, and hurricanes are 
only whirlwinds produced by contrary winds : theſe 
hurricanes are common in the ſea of China and Ja- 
pan, in that of the Antilles and in many other parts 
of the ſea, particularly near projecting lands and 
high coaſts ; but they are ſtill more frequent upon 
land and their effects are ſometimes prodigious, © I 
** have ſeen, ſays Bellarmin, I ſhould not have 
thought if I had not been an eye witneſs, an en- 
* ormous ditch dug up by the wind, and all the earth 
f* thereof carried to a village, ſe that the part from 
* whence the earth had been taken away, appear» 
** ed a frightful hole and the village was entirely; 

% buried by this tranſported earth,“ | 
In the-liſtory of the Acad. Sciences and in the 
Philoſophical Jranſactions, the detail of the effects of 
many hurricanes which appear . inconceivable and 
ſcarcely credible, if the fats were not atteſted by a 
great number of ocular, veridical and intelligent teſ- 
timonies. N | | 
It is the fame with reſpe& to the waterſpouts, 
which mariners never ſeg without fear and admira- 
| tain ; 
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tion: theſe: water ſpouts are very frequent near cer- 
tain coaſts of the Mediterranean, eſpecially when the 
ſky is very clbudy and the wind blows at the ſame 
time from many ſides. They are more common 
near the coaſts of Laodicea, Grecgo and Carmel, than 
ig other parts of the Mediterranean, Moſt of theſe 
waterſpouts, are ſo many cylinders of water which 
fall from the clouds, although it ſometimes appears, 
particularly, when we ate at ſome diſtance, that the 
water of the ſea riſes in the air, (See Shaw's Travels, 
vol, 2. p. 56.) Pa. | 2 
But we muſt diſtinguiſh two kinds of waterſpouts, 
the firſt of which, the waterſpout we ſpoke of, is 
no other than a thick compreſſed cloud, reduced to a 
{mall (pace by oppoſite and contrary winds, which 
blowing at the ſame time from many corners, give 
the cloud the form of a cyndrical whirlpool, and 
Cauſes the water to fall all at once under this cyn- 
drical form; the quantity of water is ſo great and 
the fall ſo ſudden and precipitate, that if unfortunate- 
ly one of theſe ſpouts falls on a veſſel, it fills and 
inks it in an inſtant. It is afferted and poſſibly 
with foundation, that firing ſeyeral guns charged 
with bullets at it, breaks it, and that this commoti- 
on of the air cauſes it to ceaſe ſuddenly ; this a- 
mounts to the effect of bells which are 
8 en clouds charged with thunder 3 
11. | | | +. i : 
The other kind of waterſpout called ph 
which many authors have confounded with, the 
hurricane, particulary in ſpeaking of the ſtorms of the 
Chineſe ſea, which is in fact ſubject to both, althg* 
they have quite different cauſes. The thyphon does 
not deſcend from the clouds like the firſt kind of 


hurricanes, - but riſe up from the ſea with great vio- 

lence and although theſe thyphons reſemble whirk 

winds which riſe on the land, * they have quite 
en the wind ĩs con- 


trary 


another origin, We perceive w 
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trary and oppoſite, hurricanes raiſe up whirlwinds of 
ſands; and earth, and often houſes, trees and animals 
are raiſed in the air and tranſported to different parts. 
Sea thyphons on the contrary remain in the ſame 
place, and have only ſubterraneous fires for their 
origin; for the ſea is then in a great agitation and 
the air ſo ſtrongly filled with ſulphurous exhalations, 
that the ſky appears covered with a copper coloured 
cruſt, although there are no clouds, and the ſun and 
ſky may be ſeen through them. It is to theſe ſub- 
terraneous fires the warmth of the ſea of China in 
winter may be attributed to, as theſe thyphons are 
very frequent there. See Acta Eud. Lipſ. Supple- 
mentum. vol. 1. p. 405. | 
We ſhall give ſome examples of the manner in w hich 
they are produced, Thevenot in his voyage to the Le- 
vant, ſays, © we ſaw water ſpouts in the Perſian gulph 
between the iſlands Queſomo, Lareca, and Ormus. 
F think very few people confidered water ſpouts with 
AS much attention as J have done, in the rencounter 
which I ſpeak of, and perhaps the remarks have never 
been made which chance gave me an opportunity of 
doing. I ſhall mention them with all the ſimplicity 
which -I profeſs 'through the whole recital of ” 
oyage, in order to render things plain, and eaſy 


to be comprehended.“ 


* The firſt which appeared to me was on the nor- 
thern coaſt, between us and the iſland Queſomo, at 
a gun ſhot from the ſhip, the head of the ſhip was 
then to the north eaſt : we directly perceived water 
which boiled on the ſurface of the ſea about a foot 
High, it was whitiſh, and appeared above that height 
hike a thick black ſmoke, ſo that it properly reſem- 


bled ſome burning ſtraw, which only ſmoked ; it 


made a noiſe like that of a torrent which runs with 
much rapidity in a deep valley: but this noiſe was 
mixed with à clearer, ſimilar to the ſtrong hiſſing 
of ſerpents or vipers ; a little while afterwards we 
Wei Per- 
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perceived ſomething like a dark canal, which bore a 
ſtrong reſemblance to a ſmoke which aſcends towards 
the clouds turning. round with great velocity, this 
appeared about the thickneſs of my finger, and the 
{ame noiſe ftill continued; the duration of this ſpout 
was no longer than about half a quarter of an hour: 
this over, we perceived another on the ſouth fide of 
us, which began in the ſame manner as the prece- 
ding: and almoſt as ſoon, a like one made its ap- 
pearance on the weſt fide ; and directly after a third 
by the fide of this ſecond, the fartheſt. of the three 
might be about a muſket ſhot diſtance from us: they 
all three appeared like three burning heaps of ſtraw, 
a foot.and a half or two feet high. We afterwards 
ſaw as many. canals which deſcended from the clouds, 
on thoſe places where the water was raifed up, and 
each of them was as broad at the end faſtened to the 
cloud, as the broad end of a trumpet, and was of 
the ſame ſhape, (to ſpeak intelligibly) as the breaſt 
or teat of an animal, drawn perpendicularly down 
by an heavy weight ; theſe canals appeared of 2 


darkiſh white, and I think it was the water, which 


was in theſe tranſparent canals, which made them 
appear white ; for apparently they were already. 
formed before the water entered therein, accordin 

to what could be judged from what followed ; and 
when they were empty, they were no lopger to be 
ſeen, like to a clear glaſs tube placed at fome diſtance 
before our eyes 1s not perceptible if it is not filled 
with ſome coloured liquor. Theſe canals were not 
ſtrait, but crooked in ſome places, they even were 
not perpendicular ; but on the contrary, from the 
clouds where they were joined to the parts, which 
drew in the water, they were very much bent; and 
what is more particular, is that the cloud where the 
ſecond of theſe three was faſtened to, having been 
driven by the wind, this canal followed it without 
breaking or quitting the place where it drew in the 
| Water 
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water, and paſſing behind the firſt canal, they were 
ſometimes croſſed like a Saltire or St. Andrew's Croſs. 
At the beginning they were all three about the 
thickneſs of my finger, but afterwards the firft of the 
three increaſed conſiderably: with reſpect to the two 
others, I have nothing elſe to ſay; for the laſt which 
was formed ſcarcely remained longer than that which 
we faw on the north fide. The ſecond on the 
fouth ſide remained about a quarter of an hour, but 
the firſt on that fide remained a little longer and this 
was that which terrified us the moſt ; and what 1 
have ſomething farther to ſpeak of. At firſt its ca- 
nal was as thick as my finger, afterwards as thick as 
my arm, then as my leg, and at laſt as the trunk of 
a large tree, which a man might compaſs with his 
arms. We diſtinctly perceived water through this 
tranſparent body which aſcended in a ſerpentine 
manner. Sometimes it diminiſhed a little in fize, 
fomerimes at top and ſometimes at bottom, then ir 
reſembled exactly 2 tube with ſome fluid matter 
3 with the fingers, either upwards to make this 
iquor deſcend, or at bottom to cauſe it to aſcend, 
and I am perſuaded that it was the violence of the 
wind which cauſed theſe changes, cauſing the water 
to aſcend very quickly when it preſſed the canal at 
the bottom, and caufing it to deſcend when it preſſed 
the canal at top. After this it diminithed fo much 
in thickneſs that it r than my arm like 
a gut, that is lengthened by drawing it nd: - 
* Mrs it . as thick as iy thigh 
and then again became very thin; at laſt, I ſaw the 
water riſen on the ſurface of the fea begin to lower, 
and the end of the canal which touched it divided and 
grew narrower, and then the light which appeared to 
us by means of a cloud diſturbed our fight of it: I did 
not defift ſtill from obſerving whether it returned or 
not, becauſe I had remarked that for three or four 
times the canal of the ſecond of this fame ſouth 

de 
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fide: had appeared to us to be broken in the middle, 
and directly after we ſaw it whole, and it was onl 

the light which hid the half from us; but thoug 
I looked with the utmoſt attention, I ſaw this ſpout 
no more. | 
Theſe waterſpouts are very dangerous : for if they 
come on a veſſel, they entangle in the fails, ſo much, 
that ſometimes they raiſe it up, and afterwards let- 
ting them fall, they fink to the bottom. This par- 
ticularly happens when the ſhip or bark is ſmall : 
at leaft, if they do not lift the veſſel up, they tear 
all the fails, or let all the water they contain fall 
on them, which often finks them to « bottom. T 
do not in the leaſt doubt, but it was by fimilar acci- 
dents that many ſhips of which we have heard no 
news, have been loſt, fince there are but too many 
examples of thoſe that we have known from certainty 
to have periſhed in this manner.” 
l ſuſpect that there are many optical illuſions in the 
phznomena which this traveller relates: but I have 
been very glad to recount matters as he ſaw them, in 
order that we might verify them, or at leaſt com 
them with thoſe which other travellers have related. 
The following deſcription will no doubt prove agree- 
able to our readers. ** At eleven o'clock in the morn- 
ing the air being filled with clouds, we perceiv- 

ed about our vetlel, at a quarter of a mile diſtant, 
e fix fea ſpouts, which formed with a hoarſe noiſe, 

fimilar to that of water flowing in ſubterraneous 
canals : this noife by degrees increaſed and re- 
= 8 the whiſthng, which the cordage of a 

ip makes when an impetuous wind blows a- 

% mong it. We at firt obſerved the water to boil 
cup about a foot and an half above the ſurface of 
< the ſea; there appeared a mixt or rather a thick 
++ ſmoke above this boiling, of a pale colour, and 
<< this ſmoke formed a kind of canal which aſcend- 
„ ed to the cloud. 
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% The canals or channals of theſe ſpouts inclined 
«© according as the wind moved, the clouds to which 
% they were attached, and in ſpite of the winds im- 
FE 28 they not oF did not detach themſelves, 
ut even lengthened themſelves to follow them, 
« growing thinner and thicker in proportion as the 
« cloud roſe or lowered. | EO 
% Theſe phenomena terrified us greatly, and our 
4 ſailors inſtead of being bolder, fomented their fears 
„ by-the tales they told each other. Tf theſe ſpouts, 
« ſaid they, was to fall on our veſſel, they will lift 
it up, and afterwards letting it fall again, they 
ee will fink it: others (who were the. officers) an- 
% ſwered in a decifive tone that they would not 
“ "raiſe the veſſel up, but if they met it in their 
* courſe they would break the communication the! 
£ had with the ſea and being filled with water, all 
they concluded that it would fall perpendicularly 
6 on the deck of the veſſel and ſplit it. | 
„To prevent this misfortune, the cannon was 
loaded, the failors pretending that the report 
„ of a cannon by agitating the air, diſſipated theſe 
% phenomena; but we had no need of having re- 
% courſe to this remedy : for when they had run 
about ten minutes about the ſhip, ſome at a quar- 
«6 ter of a league, others at a leſs diſtance, we per- 
e ceived the canals to grow narrower and narrower, 


«© till they got looſe from the ſurface of the ſea and 
then diſſipated,” 12 7 


It appears from the deſcription given by theſe two 


travellers, that waterſpouts, are produced at leaſt in 
part, by the action of a fire, or a ſmoke which riſes 
from the bottom of the ſea with great force; and 


that they are quite different from other kind of wa- 
ter ſpouts produced by the action of 7 winds 


and by the forced compreſſion and ſudden diſſoluti- 
on of one or more clouds, as Shaw deſcribes them. 
See Shaw, vol. 2. p. 56. 
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„ The water. ſpouts, ſays he, which I had an op- 
rtunity of ſeeing, appeared io me as fo many cy- 
— 4 of water which fell from the clouds, altho' 
by the reflexion of the columns which deſcend. or 
by the drops which detach themſelves from the wa- 
ter they contain and fall again into the ſea, it ſome», 
times Sw eſpecially when we are at ſome. diſtance 
that the water riſes up from the ſea. To render a 
reaſon for this phenomena we may ſuppoſe that the 
clouds being being collected in one part by oppoſite 
winds, they force them by preſſing them with vio- 
lence, to condenſe and deſcend in whirlpools.“ | 
There till remains a number of circumftances to 
be acquired before we can give a complete explang- 
tion of theſe phenomena ; it appears to me only that 
if there are under the waters of the ſea, ſoils mix- 
ed with ſulphur, bitumen and minerals, as we can 
ſcarcely doubt of, it may be, conceived that theſe 
matters inflaming, produce a great quantity of air 
newly generated and prodigiouſly rarefied, eſcapes 
and aſcends with rapidity, that muſt raife and may 
produce theſe water por which riſe from the ſea 
towards the ſky : ſo likewiſe, if by inflammation the 


ſulphurous matters which a cloud contains, a current of 


air is formedjwhich deſcends perpendicularly from the 
clouds tewards the ſea, all the aqueous parts contained 
in the cloud may follow the current of air and form 
a water ſpout whichwillfall fromthe ſky upon the ſea : 
but it muſt be allowed that the explanation of this 
kind of water ſpout, no more than that which we 
have explained by the eddy ofthe winds and the com- 
preſſion of the clouds, is not ſatisfactory to every one; 
for a perſon would be right who aſked us, why we 
do not ſee theſe: kinds of waterſpouts which fall per- 
pendicularly from the clouds as often en the land as 
on the ſea. | * 
The hiſtory of the Academy, anno 1727, makes 
mention of a land waterſpout which appeared at Cape- 


Ran, 
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ſtan near Beziers : it was a very black pillar which 
deſcended from a cloud to the earth, and diminiſh- 
ed in breadth as it approached the earth where it 
terminated in a point: it obeyed the wind which 
blew from weſt to ſouth weſt : 'it was accompanied - 
with a kind'of very thick ſmoke, and a fimilar noiſe 
to that of a very troubled fea, tearing away 2 
quantity of olive branches, barking trees, and car- 
rying away a large nut tree to the diſtance of forty 
or fifty feet, marking its way by a broad well beaten 
track, on which three coaches' might paſs abreaft : 
there appeared another pillar of the ſame fize, but 
which ſoon joined to the firſt, and after the whole 
had diſappeared, a great quantity of hail fell on the 
earth, } 5h | 5 
This kind of waterſpout appears to be ſtill diffe- 
rent from the two others; it is not mentioned that 
it contains water, and it ſeems as much by what I 
have related, as by the explanation given thereon 
by M. Andoque, when he preſented the obſervation: 
of this phenomena to the academy, that this water- 
ſpout was only a whirlwind of thick wind rendered 
viſible by the duſt and condenſed vapours which 
it contained. See the Hiſtory of the Academy anno 
1727, p. 4, KC. 1 | 
In the ſame hiſtory, anno 1741, a waterſpout is 
ſpoken of, ſeen on the lake of Geneva, which was 
a pillar whoſe upper part inclined to a very black 
cloud and whoſe lower part which was narrower, 
terminated a little above the water, this phenomena 
remained only a few minutes, and at the moment it 
was diſſipated, a thick vapour was perceived which 
deſcended ſrom the part where it had appeared, the 
waters of the lake alſo boiled and ſeemed to make 
an effort to riſe up. The air was very calm during 
the time this waterſpout appeared, and when it was 
ctiſſipated neither wind nor rain enſued. With all 
what we are already acquainted with, ſays the hiſ- 
8 torian 
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torian of the academy, concerning marine water 
ſpouts, might it not be another proof that they are' 

not formed by the conflict of the winds, and that 
they are almoſt always produced by ſome eruption 
of ſubterraneous vapours, or even volcano's, from 
which we know the . of the ſea is not exempt? 

The whirlwinds and hurricanes, which we common- 
ly thought to be the cauſe of theſe ſort of phenome- 
nas, might poſſibly be] then only the effect, or an 
accidental event hereof.” See Hiſtory of the Acad. 
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ARTICLE XVI. 
Of Velcanos and Earthquakes. 


THE burning mountains called yolcano's, includes 

in their bowels ſulphur, bitumen, and matters 
which ſerye as aliment to a ſubterraneous fire, the 
effect of which is more violent than that of gunpowder 
or thunder, has from the firſt knowledge aſtoniſhed 
terrified mankind, and deſolated the country. A. 
volcano is a cannon of an immenſe volume, whoſe 
orifice is often more than half a league: this wide 
fire mouth has yomited forth torrents of ſmoke, 
flame, rivers of bitumen, ſulphur, and melted metal, 
clouds of cinders and ftones, and ſometimes it ejects 
enermous rocks to many leagues diſtance, which 
human powers united could not move: the combuſ- 
tion is by terrible, and the uantil of burnt, melted, 
calcined, and vitrefied matters which the mountain 
throws out, is ſo plentiful, that they enter cities, foreſts, 
covers the fields an hundred and two. hundred feet 
in thickneſs, and forms ſometimes hills and moun- 
tains, which are only heaps of theſe piled up mat- 
ters. The action of this fire is ſo great, the force 
of exploſion ſo violent, that it produces by „ 
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action very powerful ſuccours to ſhake and move the 
earth, agitate the ſea, overthroyw mountains, and 
deſtroy the moſt ſolid towns and .edifices, even to 


bas conſiderable diſtances. 


Theſe effects, although natural, have been looked 
upon as prodigies, and although we ſee in miniature 
the effects of fire, nearly fimilar to thoſe of volcanos, 
in the great, of what nature ſoever they be, has ſo 
greatl the right of aſtoniſhing us, that I am not ſur- 

rized that ſome authors have taken theſe mountains 
Be the vents of a central fire, and the people for the 
uuſortunate in Hell. Aſtoniſnment produces fear, and 
fear is the mother of ſuperſtition. The natives of 
the iſland of Iceland, imagine that the roarings of 
the volcano are the cries of the damned, and its erup- 
tions the effects of the rage and deſpair. of theſe un- 
wchs. 

All this notwithſtanding: is only noiſe, fire and 
imoke; veins of ſulphur, Eee and other infla- 
mable matters, are found in a mountain; minerals 
and pyrites are alſo met with there, which, may fer- 
ment, and which in fact do ferment, every time 
they are expoſed to the air or humidity : a yery great 
quantity is found tagether, they catch fire and cauſe 
an. exploſion, ih pear to the quantity of infla- 
med matters, and whoſe effects are alſo greater or 
leſs in the like proportion. This is a volcano to a 
real philoſopher, and it is eaſy for him to imitate 
the action of theſe ſubterranean , fires, by mixing 
together a certain quantity of brimſtone and iron 
lings, and burying them in the earth to a certain 
depth, and by this, means make a little volcano, 
whoſe effect will be fimilar in proportion with thoſe 
of the great, for it inflames by fermentation alons : 
it throws off the earth and, ſtones with which it 
is covered, and ſmokez, flames, and explodes like a 
voleang. 1% ET! ; 
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13 Europe are three famous volcanos, mount Etna 
in Sicily, mount Hecla in Iceland, and mount Veſ- 
uvius in Italy near Naples. Mount Etna has burnt 
from time immemorial, its eruptions are very vio- 
lent, and the matters it throws out ſo plentiful, 
that they may be dug to the depth of 68 feet, 
where we meet with marble pavement, and the veſ- 
tiges of an ancient town which has been covered and 
buried under this thickneſs of matter throwni' ot 
from the mount, in the ſame manner as the city 
of Heracleus has been covered by the matter thrown 
out from Veſuvius. New mouths of fire were form- 
ed in 1680, 1669, and at other times: we ſee the 
flame and ſmoke of this voleano, from Malta, which 
is about 60 leagues diſtavce from it, it ſmokes con- 
tinually, and there are times when this burning 
mountain vomits flames and matters of every kind 
with impetuofity. In 1537, there was an eruption 
of this volcano, which cauſed an earthquake in 
Sicily for 12 days, and which overthrew ea very 
great number of houſes and ſtructures, it ceaſed 
only by the opening of a new fire mouth, which 
burnt every thing for five miles in the environs of 
the mountain; the cinders thrown out by the vol- 
cano were 10 abundant, and ejected with ſo much 
force, that they were driven as far as Italy; and veſ- 
ſels which were departed to ſome diſtance fromSieily, 
were incommoded by them... Farelli deſcribes the 
conflagration of this mountain circumſtantially, and 
ſays the foot of it is 100 leagues in circumference. 

This volcano has now two principal mouths, the 
one narrower than the other; theſe two vents always 
ſmoke, but fire is never ſeen to iſſue from it, but 
during the time of eruptions : it is pretended that 
ſtones are found which it has thrown out to the 
diſtance of 60,000 feet. 


In 1683,a terrible earthquake happened i in Sicily, 
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cauſed by a violent eruption of this volcano, it en- 


tizely 
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tirely deſtroyed the town of Catanea, and killed 
mote than 60, ooo perſons in that town only, without, 
reckoning thoſe which were deſtroyed in the neigh- 
boring towns and villages. ö 
Hecla throws out its fires through the ice 
and ſnow of a frozen land, its eruptions are never- 
theleſs as violent as thoſe of Etna, and other vol- 
canos of ſouthern countries. It throws out many 
cinders, pumice ſtones, and ſometimes, it is ſaid, 
boiling water: it is not inhabitable at the diſtance 
of ſix leagues from this volcano, and the whole 
iſland of Iceland is very abundant in ſulphur. The 
hiſtory of the violent eruptions of Hecla may be 
ſeen in Dithman and Bleff ken. 
Mount Veſuvius, according to hiſtorians, did 
not begin burning till the 7th Conſulate of Titus 
Veſpaſian and Flavius Domitian, the top being 
opened,this volcano threw out at firſt ſtones and rocks 
and afterwards fire and flames in ſuch great abund- 
ance, that they burnt two neighbouring towns, 
and emitted ſuch thick ſmoke that it obſcured 
the light of the ſun. Pliny deſirous of examining 
this conflagration nearer was ſuffocated by the 
imoke. See the Epiſtle of Pliny, jun. to Tacitus. 
Dion Caſſius relates, that this eruption of mount 
Veſuvius was ſo violent, that it caſt out cinders 
and ſulphurous ſmoke in ſuch great quantities and 
with ſuch force that they were driven as far as Rome, 
and even beyond the Mediterranean ſea into Africa. 
One of the two towns covered with matters thrown 
out by this firſt conflagration of Veſuvius, is that: 
of Heracleus, which in theſe latter times have been 
diſcovered at more than 60 feet depth under theſe 
matters, the ſurface of which was become by length 
of time a cultivable land: the relation of the diſ- 
covery of Heracleus is in the hands of the public, 
it would be only to defire any one verſed in Natu- 
ral Hiſtory and phyſics, to take the trouble of exa- 


min- 
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mining the different matters which compoſe this 
thick foil of 60 feet, paying attention at the ſame 
time, to the diſpoſition and ſituation of theſe mat- 
ters, to the alterations they have produced or ſuffer- 
ed, to the direction they have taken and to the hard- 
neſs they have acquired. | 
There is an appearance that Naples is fituate on 
2 hollow ground, and filled with burning minerals, 
ſince Veſuvius and Solfatera ſeem to have interior 
communications: for when Veſuvius burns Solfatera 
emits flames, and when it ceaſes, Solfatera alſo 
ceaſes. The city of Naples is ſituate nearly between 
the two. | | 
One of the laſt and moſt violent eruptions. of 
mount Veſuvius was that in the year 1737. The 
mountain vomited by divers mouths large torrents 
of burning metallie matters, which diſperſed them- 
ſelves over the country and into the ſea. Monſ. 
Monteſquieu, who communicated this relation to the 
Academy of Sciences, obſerved with horror one of 
thele rivers of fire, and ſaw its courſe for fix or ſeven 
miles till it reached the ſea; its breadth was fixty.or 
ſeventy: feet, its depth, twenty-five or thirty palms 
and in certain bottoms or vallies, 220, the matter 
which flowed was like the ſcum which iſſues from 
the furnace of a forge, &c, (See the Hiſt. Acad. an. 
1737, P. 788. ; N fs 
In Afia, particularly in the iflands of the Indian 
ocean, there is a great number of volcanos, one of 
the moſt famous is mount Albours near mount Tau- 
rus, eight leagues from Heaut, its ſummit continu- 
ally ſmokes, and it frequently throws out flames and 
that the ſurrounding country is covered with cinders. 
In the ifland of Temet, there is a volcano which 
throws out matter like the pumice ſtone. Some 
travellers aſſert that this volcano is more inflamed 
and furious in the time of the equinoxes, than in 
any other ſeaſon of the year, becauſe certain winds 
Vor. VI, U then 
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then reign there which continue to conſume the mat- 
ter which feeds, and has fed this fire, for ſuch a 
number of years. See Argenſola's Travels, vol 1. 
page 21. The iſland of Temet is only ſeven leagues 
round, and 1s only the ſummit of a mountain : we 
aſcend it on every fide from the ſhore till we reach 


the middle of the iſland, where the volcano riſes to 
a a conſiderable height, and to which it is very dif- 

ficult to attain z many rivulets of freſh water run 
there which deſcend on the ridge of this mountain, 


and when the air is calm, and the ſeaſon mild, this 
burning gulf is in a leſs agitation, than when there 
are high winds and ſtorms. (See the Travels of 
Schouten.) This confirms what I have ſaid in my 


former diſcourſe, and ſeems evidently to prove that 
the fire which conſumes the volcano, does not pro- 


ceed from the depth of the mountain, but from the 


. top, or at leaſt from a very trifling depth, and that 
the chimney of the conflagration is not far diſtant 
from the ſummit of the volcano : for if it was not 


fo, the high winds could not contribute to their 


_ combuſtion, The are ſome other volcanos in the 


Moluccas : in one of the Maurice iſlands, 70 lea- 


gues from the Moluccas, there is a volcano whoſe 


effects are as violent as thoſe of Mount Ternet. 
Socca iſland, one of the Moluccas, was formerly 
inhabited; in the middle of this iſland was a vol- 
cano, which was a lofty monutain: in 1693, this 
volcano vomited bitumen and inflamed matters in 
ſuch a great quantity as to form a burning lake, 
and the whole abyſs was abyſs'd and diſappeared. 
(See Phil. Tranſ. ab. vol. II. page 391.) At Japan 
there is alſo many volcanos, and in the adjacent 
iſlands of Japan, mariners have remarked many 
mountains whoſe ſummits have emittea flames dur- 
ing the night, and flames during the day time. 


At the Phillippine iſlands, there are alſo burning 


mountains. One of the moſt famous volcano's of 
the 
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the iſlands in the Indian ocean, and at the ſame time 


one of the neweſt, is that near the town of Parucan, in 
the iſland of Java, it opened in 1586, no perſon ever 
heard of its burning before; and at the firſt eruption 
it threw out an enormous quantity of ſulphur, bi- 
tumen and ſtones. The ſame year Mount Gouna- 
pi, in the iſland of Banda which burnt only 17 
years, opened and vomited with a frightful noiſe, 
rocks, and emitting matters of every kind. There 


are alſo ſome other volcanos in India, as at Sumatra, 


and in the north of Aſia. 


In Africa, there is a mountain, or rather a ca- 
vern called, Benguazevel, near Fez, which always 
emits ſmoke, and ſometimes flames. One of the 
iſlands of Cape Verd, called the ifland of Fuogue, 
is only a large mountain which continually burns; 
this volcano, like the reſt, throws out many cinders 
and ſtones, and the Portugueſe who have attempted 
ſeveral times to erect habitations in this iſland, have 


been conſtrained to abandon this project, through 
the dread of the effects of the volcano. The Cana- 
ries, the Peak of Teneriff, and ſome of the higheſt 
mountains of the earth, and throws out fire, einders, 


and large ſtones ; from the top rivulets of melted 


ſulphur flow which are diſtinguiſhable at a great 


diſtance. 
In America there are a great number of volcanos, 


particularly in the mountains of Peru and Mexico; 
that of Arequipa, is one of the moſt famous, it 


often cauſes earthquakes more common in Peru 
than any other country in the world. The volcano 
of Carrappa and that of Malahallo are according ta 
the report of travellers, the moſt confiderable, next 


to that of Arequipa, but there are many others of 


which we have no exact knowledge. M. Bouguer, 
in the relation he has given the world of his voy- 
age to Peru, in the volume of the Memoirs of the 


Aca- 
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Academy of the year 1744, makes mention of- two' 
volcanos, called Cotopaxi and Pickincha ; at the firſt 
at ſome diſtance the other very nigh the town of 
Quito ; he was even witneſs of a conflagration of 
Cotopaxi in 1742, and of the orifice which was 
made in that mountain, this eruption did no other 
damage than melting of the ſnow of the mountain, 
and producing ſuch plentiful torrents of water, that 
in leſs than three hours they inundated a tract of 
country 18 leagues in extent, and overthew all they 
met with in their way, 

At Mexico are many vulcanos, the moſt conſi- 
derable of which are Pocochampe and the Popo- 
latepec, but this laſt volcano, Cortes paſſed in his 
voyage to Mexico, and ſome of the Spaniards aſ- 
cended to the top, where they ſaw the mouth of 
this volcano, which was about half a league in 
circumference, Theſe ſulphurous mountains are 
alſo be met with at Guadaloupe, Tercera, and other 
iſlands of the Acoras, and if we place among the 
number of theſe volcanos all thefe mountains which 
ſmokes or emits flames, we may reckon more than 
ſixty; but we have only ſpoken of thoſe forraid- 
able volcanos, near which no perſon dares to inha— 
bit, and which throw out ſtones and mineral matters 
to a great diſtance, 

Theſe volcanos which are in ſuch great numbers 
in the Cordilliers, cauſe, as I have ſaid, almoſt 
continual earthquakes, which prevents the natiyes 
from building with ſtone above one ſtory high, 
and not to run the riſque of being cruſhed, they 
conſtru& the upper ſtories of their houſes with 
reeds and light wood, In theſe mountains are alfa 
many precipices and large vents, the ſides of which 
are black and burnt, as in the precipice of mount 
Azaret in America, which is called the ABVYSSs : 
theſe aby ſſes are the mouths of old extinguiſhed 
volcanos. a 6 

There 


NATURAL HISTORY. 137 


There was lately an earthquake at Lima, the 
effects of which are terrible: the town of Lima and 
Port Callao have been almoſt entirely abyſſes; but 
the evil has been till greater at Callao. The ſea 
has covered all the edifices, and conſequently drown-' 
ed the inhabitants, and only one tower is now re- 
maining, Of twenty-five ſhips which were in this 

ort, there were four which were carried a league 
in land, and the reſt were ſwallowed up by the 
ſea, At Lima, which is a large town, there remains 
only twenty-ſeven houſes ſtanding, and a great 
number of perſons were buried in the ruins, par- 
ticularly Monks and religious perſons, as their edi> 
fices were higher. and conſtructed of more ſolid ma- 
terials than the other houſes. This misfortune 
happened in the month of October 1746, at night 
when the ſhock remained 15 minutes. 

There was formerly near the port of Piſeo, at 
Peru, a famous town fitnate on the ſea ſhore, 
which was almoſt entirely deſtroyed and deſolated 
by the earthquake which happened the 19th of 
October 1682 ; for the ſea having quitted its com- 
mon bounds, ſwallowed up this unfortunate place, 
which has been attempted to be re-eſtabliſhed about 
a quarter of a league from the ſea, | 

If we conſult hiſtorians and travellers, we fhall 
find relations of many earthquakes and eruptions 
of volcanos, the effects of which have been as 
terrible as thoſe we have juſt mentioned. Poſido- 
nius, whom Strabo quotes in his firſt book, re- 
lates, that there was a town in Phenicia, fituate 
near Sidon, which was ſwallowed up by an earth- 
quake, and with it the neighbouring territory, and 
even, two thirds of the town of Sidon; and that this 
effect was not ſo ſuddenly executed, but that many 
of the inhabitants had time to avoid it by flight. 
This ſhock extended throughout all Syria, and as far 
as, the Cyelad iflands, and into Eubea, where the 
4 on TE ION foun- 
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fountains of Arethuſa ſtopt all at once and did not 
re-appear for many days after, by many new ſprin 

remote from the old ones. This earthquake alſo did 
not ceaſe from ſhaking the iſland, ſometimes in one 
part and ſometimes in another, until the earth o- 
pened in the country of Lepanto, and a great quan- 
tity of carth and other inflamed matters were thrown 
out. Pliny in his firſt book, chap. 84, relates that 
in the reign of Tiberius an earthquake happened 
which overthrew twelve towns in Afia : and in 
his ſecond book, he mentions in the following 
terms. a prodigy, cauſed by an earthquake ; he 
ſays, that by a! great earthquake there was 100 
towns overthrown in Lybia. In the time of Tra- 
Jan, the town of Antiochus and a great part of. 
the adjacent country were ſwallowed up by an 
earthquake ; and in the time of Juſtinian in 528, 
this town was a ſecond time deſtroyed by the fame 
cauſe, with upwards of 40,000 of its inhabitants 
and fixty years after, in the time of Saint Gregory, 
it felt the effects of a third earthquake, with the 
loſs of 60,000 of its inhabitants. In the time of 
Saladin in 1182, moſt of the towns of Syria and 
Jeruſalem were deſtroyed by the ſame cauſe. In Ca- 
labria and Poh, there has been more earthquakes 
than in any other part of Europe. In the tinge of 
pope Pius XI. all the churches and n of 
Naples were overthrown and above 30, ooo of its 
inhabitants killed, and all thoſe which remained 
alive were obliged to live in tents, till they had 
rebuilt their houſes, In 1629, there were earth- 
quakes in Pola, which deſtroyed 75000 perſons, 
and in 1638, the town of Saint Euphemia was 
ſwallowed up, and there remain only a ſtinkin 

lake in its place. Raguſa and Smyrna were alſo 
almoſt deſtroyed. There was an earthquake in 1692, 
which extended into England, Holland, Flanders, 
Germany, and France, it was chiefly felt on the 
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ſea coaſts and near large rivers, its ſhock was felt 
at leaſt 2600 leagues ſquare; it laſted only two mi- 
nutes, and the motion was more conſiderable in the 
mountains than in vallies. (See Ray's Diſcourſes, 
page 272.) On the 1oth of July, 1688, there was 
an earthquake at Smynra, which begun by a motion 
from weſt to caſt, the caſtle was at firſt overthrown, 
its four walls being divided and ſunk fix feet in the 
ſea : this caſtle which was an iſthmus, is at preſent 
a real iſland, about 100 paces diſtant from the ſea, 
in the part where the neck of land is wanting. The 
walls which was from eaft to weſt are fallen down, 
thoſe from north to ſouth are yet ſtanding, the 
town which 1s 10 miles from the caſtle, was deftroy- 
ed almoft at the ſame time : in many places open- 
ings in the carth are ſtill to be ſeen, and divers ſub- 
terraneous noiſes heard ; five or fix ſhocks were felt 
in the night, the firſt laſted only half a minute, the 
ſhips which were in the road were ſhaken, the 
ground of the town was lowered about two feet and 
a quarter, of the town only remained, . principally 
the houſes which ſtood on rocks: 15 or 20,000 
perſons are computed to have been buried under 
the ruins by this earthquake. (See the Hiſt. of 
the Acad. des Sciences, anno 1688.) In 1695, in 
an earthquake felt at Boulogne in Italy, it was re- 
marked as a particular thing that the water was 
troubled a day before. (Sce the Hiſt. of the Acad. 
anno 1696. | | 
« At Tercera there happened ſo great an earth- 
quake on the 4th of May 1614, that in the town of 
Angra it overthrew eleven churches and nine cha- 
pels, excluſive of particular houſes, and in the town 
of Praya it was ſo terrible, that not an houſe was 
left ſtanding : and on the 16th of June 1628, there 
was ſo horrible an earthquake in the iſland of Sr. 
Michel, that the ſea near it opened, and threw up 
in one place where it was more than an 150 fathom 
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deep an ifland more than a league and an half long, 


and upwards 60 fathom high. (See the Travels 


of Mandelſo.) Another happened in 1691, 


which begun the 16th of July, and laſted in the 


iſland of St. Michel till the 12th of the following 
month: Tercera and Fayal were agitated the next 
morning with ſo much violence, that they appear- 
ed to turn, but theſe frightful ſhocks returned only 
four times, whereas at St. Michel they did not 


ceaſe a moment for 15 hours. The iſlanders havin 


quitted their houſes which they ſaw fall before their 
eyes, paſſed all that time expoſed to the injuries of 
the weather. A whole town named Villa Franca, 
was overthrown to the very foundation, and moſt of 
the inhabitants buried under its ruins. In many 


parts the plains roſe into hills, and in others, ſome 


mountains flattened er changed ſituation. A ſpring 
of water iſſued from the earth, which flowed for 


four hours, and which appeared dry all on a ſudden. 
The air and fea ſtill more agitated reſounded with 


a noiſe which might have been taken for the roarin 
of a quantity of wild beaſts. Many perſons die 
with the fright, and the ſhips in the ports ſuffered 
dangerous ſhocks, and thoſe which were at anchor, 
or under fail at 20 leagues diſtant from the iſlands, 


ſuffered greater damage. Earthquakes are frequent 


in the Acoras : there was one in Manilla, in the 


month of September 1627, which levelled one of 


the two mountains called Carvellos in the province 


of Cagayan; in 1645, one third of the town was 


deſtroyed by a like accident, and goo perſons pe- 
riſhed. The ſucceeding year it underwent another; 


the ancient indians fay that they were more terrible 
formerly, and that this is the reaſon they build their 
their houſes only of wood, which made the Spa- 


niards follow, from the. firſt ſtory. 
6 The quantity of volcanos to be met with in 


this 
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this iſland, confirms what has hitherto been advanc- 
ed ; becauſe, at certain times they vomit forth 
flames, ſhake the country and perform all the effects 
Pliny attributes to thoſe of Italy; that is to ſay, 
they change the beds of rivers, fill with cinders the 
adjacent parts and throw out ſtones to a great diſ- 
tance, with a report ſimilar to that of cannon. See 
le Voyage de Gemelli Careri, page 129. 

In the year 1646, the mountain of the ifland 
of Machian ſplit with terrible reports, by an earth- 
quake, an accident which 1s very common in 
that country, ſo many fires iffued through this 
opening, as conſumed many negro-vards with the 
inhabitants and all that was therein. In the year 
1085, this prodigious crack was to be ſeen and 
ſtill is apparent; it is called the path of Mackian, 
becauſe it deſcends from the bottom like a road 
hollowed out, but which at a diſtance appears like 
a path,” See the Hiſt, of the conqueſt of the Mo- 
luccas, vol. 111. p. 318. 

The hiſtory of the Academy makes mention in 

the following terms, of the earthquakes in Italy 
in 1702 and 1703, „The earthquakes began in 
Italy in the month of October 1702, and continued 
till the month of July 1703; the country which 
ſuffered the moſt by them, and where they like- 
wiſe began, is the town of Norci, with its de- 
pendencies under the eccleſiaſtical government and 
the province of Abruzzo, thele countries are con- 
tiguous and fituate at the foot of the Apennine 
mountains on the ſouth fide.” 

«© Earthquakes. have often been accompanied 
with terrible noiſes in the air, which have allo been 
heard without ſuch dreadful effects, when tne ſky 
was ſerene. The earthquake which happened on 
the 2d of February 1703, was the maſt violunt of 
all; it was accompanied, at leaſt at Rame, wich. 
2 great ſerenity of ſky and calmneſs in the air. it 
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laſted at Rome half a minute, and at Aquila the 
capital of Abruzzo three hours. It deſtroyed the 
whole town of Aquila, buried gooo perſons under 
the ruins, and made great havock in the environs. 

It opened two places in a field, from whence | 
ſued a great quantity of ſtones, which entirely 
covered it and rendered it barren, after the ſtones 
it threw out two jets d'eau which greatly ſurpaſ- 
ſed the height of the trees of that country, laſted 
half an hour and inundated as far as the adjacent 
fields, this water was whitiſh like to ſoapy water,and 
had not the leaſt taſte.” 

© A mountain near Sigillo, a city twenty-two 
miles diſtant from Aquila, had on its ſummit a 
very large plain ſurrounded with rocks which ſerv- 
ed it for walls. Since the earthquake of the 2d of 
February, in the place of this plain a gulph of un- 
equal breadth was formed, whoſe greateſt diameter 


was twenty-five fathom and the leaſt twenty, the 


depth of it has never yet been diſcovered, although 
they have let down a line 300 fathom feet in length. 

At the time when this opening was made, flames 
were ſeen to iſſue out, and afterwards a great ſmoke 
which laſted three days with ſome interruptions.” 

* At Genis the 1ſt and 2d of July, 1703, there 
were two flight earthquakes, the laſt was felt only 
by the people who worked on the pier : at the ſame 
time the ſea in the port ſunk fix feet, ſo that the 
galley touched the bottom; this falling of the water 
remained a quarter of an hour.“ 

The ſulphurous water which 1s in the road from 
Rome to Tivoli, is diminiſhed two feet and a half as 
well in the baſon as in the ditch. In many places 
of the plain called Teſtine, there were ſprings and 
rivulets of water which formed impracticable mo- 
raſſes, all which are dried up. The water of the 
lake called Hell is alſo lowered three feet. In the 
place of the ancient ſprings which are ſtopt, new 

ones 
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ones have iſſued a league from the firſt, ſo that 
there is an appcarance that they are the ſame wa- 
ters which have changed direction.“ Anno 1704, 
Page 10. 

„The ſame earthquake which in 1538 formed 
mount Cineris, near Pouzzol, filled at the ſame 
time lake Lucrin with ſtones, earth and cinders, ſo 
that actually this lake is a marſhy ground.“ See Ray's 
diſcourſes, p. 12. 

„There are earthquakes which are felt for ſome 
diſtance at fea, M. Shaw relates, that in 1721, being 
on board the Gazelle an Algerine veſlel, mounting 
50 guns, three violent ſhocks were felt one aſter the 
other, as if every time a weight of twenty or thirty 
tuns had been thrown on the ſhip, this happened 
in a part of the Mediterranean which was 200 fa- 
thom deep. He relates alſo, that others had felt 
earthquakes much more conſiderable in other parts, 
and one among the reſt at forty leagues weſt from 
Liſbon.” See Shaw's travels, vol. I. p. 303. 

Schouten ſpeaking of an earthquake } in the Mo- 
lucca iſlands, ſays, that the mountains were ſhaken 
and the veſſels which were at anchor at thirty or 
forty fathom were ſhocked, as if they had ſtruck 
againſt thoſe rocks or banks. “ Experience, con- 
tinues he, teaches us every day that the ſame things 
happens in the open ſea, where no bottom is to 
be met with, and that when the carth ſhakes, ſhips 
are toſſed to and fro even where the ſea was tran- 
quil.“ Sce vol. I. p. 103. 

Gentil in his voyage round the world, ſpeaks 
of carthquakes of which he was witnels, in the fol- 
lowing terms, © I have, ſays he, made ſome re- 
marks on theſe earthquakes : the firſt is, that half 
an hour before the carth is agdated, every animal 
is ſtruck with tear, horſes ſnort, break their taſten- 
11gs and fly from the ſtable, d« 25 bark, birds are 
frightened and almoſt ſtupificd fly into houſes, and 
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rats and mice quit their holes, &c. the ſecond is, 
that veſſels at anchor are ſo violently agitated, 

that every part of them ſeem as if going to pieces, 
the cannon quit their port holes, the maſts by this 
agitation break in ſeveral places, which I ſhould 
ſcarcely have given credit to, if many unanimous 
teſtimonies had not convinced me. I therefore con- 
ceive that the bottom of the ſea is a continuation 
of the land, that it this-land is agitated, it commu- 
nicates its agitation to the waters it carries to it; 

but what I do conceive is, that this irregular mo- 
tion of the veſſel, of which every timber and part 
taken ſeparately participates of this agitation, as 
if all the veſſels formed a part of the earth, and 
did not float in a fluid matter, its motion mult 
be ſimilar to that it undergoes in a florm : beſides, 
in the opportunity I had of ſeeing the circum- 
ſtance which I ſpeak of, the ſurface of the ſea was 
ſmooth and its waves not much moved, becauſe the 
wind does not intermeddle with the earthquakes. 
The third remark is, that if the cavern of the earth 
where this ſubterraneous fire is locked up, has 

direction from north to fouth, and if the town 1s 
parallelly ſituated in its length from narth to ſouth, 
all the houſes are overthrown ; whereas, if this vein 
or cavern . executes its effect by the breadth of the 
town, the earthquake makes leſs havock.“ See 
Gentils voyages round the World, vol. I. page 

172, &c. 

In countries ſubjest to earthquakes it happens, 
when a new volcano is formed, carthquakes ceaſe, 
and are only felt in the violent eruptions of the 
volcano, as is obſerved in the ifland of St. Chriſto- 
pher. See Abridgment of Phil. Tranſ. vol. II. 
Page 392. 

The enormous ravages nee by earthquakes 
have made ſome natural! iſts think that the mountains 
and inequalities of the ſurface of the globe were on- 


ly 
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ly the reſult of the effects of the action of ſubter- 


raneous fires, and that all the irregularities we re- 
mark on the ſurface of the earth muſt be attribut- 
ed to the violent ſhocks which they have produc- 
ed : this, for example, is the opinion of Mr. Ray, 
he thinks that all mountains have been formed by 
carthquakes, or the exploſion of volcanos, as mount 
Cineris, the new ifland near Santorino, &c. but he 
has not carefully remarked that theſe ſlight eleva- 
tions formed by the aruption of a volcano, or by the 
action of an carthquake, are not internally com- 
poſed of horizontal ſtrata, as all other mountains 
are; for by digging in mount Cineris, we meet 
with calcined ſtone, cinders, burnt carths, mache- 
fer, pumice ſtones, &c. all mixed and confounded 
in a heap. Beſides if earthquakes and ſubterrane- 
ous fires had produced the great mountains of the 
earth, as the Cordilleros, mount Taurus, the Alps, 
&c. the prodigious force which might have raiſed 
theſe enormous maſſes might at the ſame time have 
deftroyed a great part of the ſurface of the globe, 
and the effect of the earthquake would have been 
of inconceivable violence, fince the moſt famous 
earthquakes of which hiſtory makes mention of have 
not had ſufficient power to form mountains : for 
example, in the time of Valentine I. an earthquake 
happened, which was felt throughout all the known 
world, as Ammianus Marcellinus relates, lib. xxvi. 
cap. 14, and yet there was no mountain thrown up 
by this great earthquake. 

It is nevertheleſs certain that by calculation, 
we might be able to find that an earthquake vio- 
lent enough to throw up the higheſt mountains, 
would not be ſufficient to diſorder the reſt of the 

lobe. 

For ſuppoſing for a moment, that the chain of 
the higheſt mountain which croſſes South America 
from the Magellanic lands to the mountains of new 


Gre- 
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Grenada, and to the gulph of Darien, was all at 
once produced by an earthquake, and let us ſee 
by calculations the effe& of this exploſion. This 
chain of mountains 1700 leagues in length and com- 
monly torty in breadth, comprehending the Sieras, 
which are not ſo lofty as the Andes. The ſurface 
of this ground 1s therefore 68000 leagues ſquare ; 
1 ſuppole that the thickneſs of the matter diſ- 
placed by the earthquake, is about a league, that 
is to ſay, that the height of theſe mountains taken 
from the top to the bottom, or rathe: to the ca- 
verns which in this hypotheſis muſt ſupport them, 
15 only one league, which will be readily granted 
me; then I ſay, that the power of an exploſion or 
of an earthquake, will have raiſed a quantity .of 
earth equal to 68000 cubical leagues to a league 
in height. Now the action being equal to the re- 
action, this explofion will have communicated the 
ſame quantity of motion to the reſt of the globe, 
but the whole globe 12 milliards 310 millions, 
56 3000801 cubical leagues from which ſubſtract- 
ing 68,000, there remains 12 milliards 300 milli- 
ons 455000801 cubical leagues, the quantity of 
which motion will be equal to that of 68000 cubi— 
cal leagues raiſed a league high: from whence we 
perceive, that the force which will have been great 
enough to diſplace 68000 6ubical leagues and im- 
pel them on, will not have diſplaced an inch of the 
globe. 

There would therefore be no abſolute 1mpoſſb1- 
lity to ſuppoſe that mountains have been raiſed by 
earthquakes, if their external compoſition as well 
as their external form, were not evidently the work 
of the ſea, The internal part is compoled of re- 
gular and parallel ſtrata, filled with ſhells : the ex- 
ternal has a figure whoſe angles are every where 
correſpondent : is it credible then that this uni— 
form compoſition and this regular form have been 
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produced by irregular ſhocks and ſudden explo- 


fions. 

But as this opinion has prevailed among ſome 
philoſophers, and as it appears to us that the nature 
and effects of earthquakes are not well underſtood, 
we think it neceſſary to give ſome ideas on that 
point which may ſerve to clear up this matter. 

The earth having undergone great changes on its 
ſurface, we find even at confiderable depths, holes, 
caverns, ſubterraneous rivulets and void places 
which ſometimes communicate by clifts, &c. there 
are two kinds of caverns, the firſt are thoſe pro- 
duced by the action of ſuberrancous fires and vol- 
canos ; the action of the fire uplifts, burns and 
throws out to a diſtance the matters that are above, 
and at the fame time divides and deranges thoſe 
which are on the fide, and thus produces caverns, 
grottos, holes, and anftactuoſities, but this is ge- 
nerally found only in the environs of lofry moun- 
tains, where volcanos are and theſe kind of caverns 
produced by the action of the fire are more rare 
than caverns of the ſecond kind, which are produc- 
ed by water. We have obſerved that the different 
ſtrata which compoſe the terreſtrial globe on its ſur- 
face, are all interrupted by perpendicular clifts, the 
water produced by rain and vapours deſcend through 
theſe perpendicular clifts, collect under the clay 
and form ſprings and rivulets ; by their natural mo- 
tion they ſeek out all the little cavities and vacancies 
and always incline to flow and open roads, till they 
find a vent, carrying along with them at the {ame 
time ſand, earth,, gravel and other matters they 
can divide, and by degrees form roads; in the in- 
ternal part of the earth they form kinds of ſmall 
trenches or channels which ferve them for a bed; 
at laſt, they ifſue forth either at the ſurface of the 
earth, or in the ſea, in the form of ſprings ; the 
zatters which they carry along with them, leave 

va- 
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vacancies whoſe extent may be very conſiderable, 
and theſe form grottos and caverns, the origin of 
which, as has been obſerved, is quite different 
from that of caverns produced by earthquakes. 
There are two kinds of earthquakes, the one cauſ- 
ed by the action of ſubterrancous fires, and the ex- 
ploſion of volcanos, which are only felt at fmall 
diſtances, and at the time when volcanos act, or 
before they open ; when the matters which form 
ſubterraneous fires, ferment, heat and inflame, the 
fire makes an effort on every ſide, and if it does 
not find a natural vent, it raiſes the earth and, 
forms itſelf a paſſage by throwing it out, which 
produces a volcano, whoſe effects are repeated and 
laſt in proportion to the quantity of inflammable 
matters. If the quantity of matters which take 
fire, is not conſiderable, a commotion or an earth- 
quake may enſue, without a volcano being formed. 
The air produced and rarified by the ſubterraneous 
fire, may alſo find ſmall vents, by which it will 
eſcape, and in this caſe there will be only a ſhock 
without any eruption or volcano: but when the 
inflamed matter is in a great quantity and conſin— 
ed by ſolid and compreſſed matters, then # cormo- 
tion and volcano ariſes ; but all thels commotions 
form only the firſt Kind of carthquakes, and can only 
ſhake a ſinull ſpace of ground. A very violenteruption 
of mount Etna will cauſe, tor example, an earthquake 
rhroughout the whole iland of Sicily; but it will 
never extend to the diſtance of three or four hundred 
leagues. When any new fire mouths are formed in 
mount Veſuvius, there are earthquakes at Naples 
and in the neighbourhood of the volcano : but theſe 
earthquakes have never ſhook the Alps, and are 
not communicated into France or to other countries 
remote from Veſuvius, theretore the eartnquakes 
produced by the action of volcanns, are limited to 
a ſmall ſpace, it is properly the ce of the re-acli- 
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on of the fire ; and they ſhake the earth, as like the 
exploſion of a powder magazine produces a ſhock 
and an earthquake perceptible at many leagues diſ- 
tance, 

But there is another kind of earthquake very 
different in its effects, and perhaps for its cauſes, 
there are earthquakes which are felt at great diſ- 
rances and which ſhake a long courſe of ground, 
without any new volcano or eruption appearing 
we have examples of carthquakes which are felt 
at one and the ſame time in England, France, Ger- 
many, and even in Hungary; theſe earthquakes al- 
ways extend much more in length than breadth, 
they ſhake a zone of ground with greater or leſs vio- 
lence in different places and are almoſt always ac- 
companied with a rumbling noiſe like that of a 
coach that rolls o'er the ſtones with rapidity. 

To underſtand rightly what may be the cauſes 
of this kind of earthquake, it muſt be remember- 
ed that all inflammable matters capable of explo- 
fion, produce like gunpowder, by inflammation, a 
great quantity of air : that this air produced by 
fire is in a ſtate of very great rarefaction, and that 
by a ſtate of compreſſion in which it is found in 
the bowels of the earth, it muſt produce very vio- 
lent effects. Let us therefore fappoſe that at a 
very conſiderable depth, as at about one or two 
hundred fathoms, pyrites and other ſulphureous 
matters are to be met with, and that by the fer- 
mentation produced by the filtration of the water, 
or other cauſes, they inflame; and let us ſee what 
muſt happen: at firſt theſe matters are not diſpoſed 
regularly by horizontal ſtrata, as the more ancient 
matters are, which have been formed by the ſedi- 
ment of the waters, on the contrary, they are form- 


ed in perpendicular ſtrata, in caverns at the foot 


of theſe clefts and in other parts where the water 
Vor. . * | 
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can act and penetrate. * Theſe: matters inflaming, 
will produce a great quanti:y of air, the ſpring of 
which compreficd 1 by a {mall ſpace, like that of a 
cavern, will not only thike the upper ground, but 
will ſeek out for roads to eſcape aud ſer itſelf at li- 
berty. The roads which offer themſelves, are ca- 
verns and trenches formed by the water and ſubter— 
raneous rivulets ; the rarcfied air will precipate 
with violence 1nto all thoſe paſſages which are open, 

and will form a ſtrong wind in theſe ſubterraneous 
roads, the naile of which will be heard at the ſur— 
face of the carth, accompanied with fhocks, &c. 
this ſubterrancous wind produced by the fire will 
extend as far as the cavities or ſubterrancous cavi- 
ties, and will cauſe an carthquake ſo much the 
greater or leſs as 1t 1s diſtant from the vent and 
finds paſſages of a larger or leſſer extent: this 
motion being made longways the ſhock will be the 
ſame and the carthquake will be felt throughout a 
long zone of ground : this air will not produce any 
eruption nor volcano, becauſe it will find ſufficient 
ſpace to extend in, or rather becaule it will have 
found vents and iflue forth in form of wind and va— 
pour; and if we even {hould not allow that there in 
fact exiſt ſubterrancous roads by which the air and 
jubterraneous vapours can pals, it may well be con- 
ceived that in the place where the firſt exploſion 
is made, the ground being liited up to a confider- 
able height, it is neceflary that the moſt adjoining 
to this ſpot, divides and ſplits in an horizontal 
manner to follow the motion of the firſt, which is 
ſufficient to form roads which may communicate the 
motion from one to the other to a great diliance and 
this explanation agrees with every "phenomena, It 
is not at the Rae moment nor hour that an earth— 

quake is felt in two diſtant places; for example, 
fe one or two hundred leagues diſtance. There is 


1 
a4} 


NATORAL HISTORY: 


194 
no fire nor eruptions from thoſe earthquakes which 
are heard at a diſtance, and the noiſe which always 
accompany them marks the progreſhve motion of 
this ſubterraneous wind, We can alſo confirm 
what is juſt ſaid, by connecting it with two other cir- 
cumſtances: it is well known that mines exhale 
vapours, independent of the wind produced by the 
current of the water ; we often ſee currents of un- 
healthy air and ſuffocating vapours: it is alſo known 
that there are holes, abytles and deep lakes in the 
carth which produce winds, like the lake Boleſlaw 
in Bohemia, which we have already ſpoken of: 

All this being clearly underſtood, I do not rightly 
ſve how it can be im: a0ined that earthquakes produce 
mountains, fince the caule itſelf of theſe earth— 
* are mineral and ſulphureous matters which 
are ; generaily found only in perpendicular cletts of 
Mountains and other cavities of the earth, the great- 
eff number of which have been produced by the 
water; that this m: iter by infla: __ produces oF 
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the duration of the earthquakes is in fact only 
mOomentatiiis at the furtace of the earth and that 
CON 4 oh their cauſe is only an exploſion and not 
a2 durable re; and that in mort, theſe catthquakes 
which ſhake a Sreat pace, and which extend to 4 
very contiderable diſtance, very far from raiſing 
chains of mountains, do not thro! up tlic eat 
in any ſerfible quantity, and do not proc duce 
he final ils throughout their whole ex- 
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Fart quakes are in fact much more ſrequent in 
Parts 1 nere volcanos Are, than in other places 28 
f x aples, it is known by obſervations 
male ar different times, that the moſt violent earth- 

nakes happen in the time of the greateſt eruptions of 
vol 
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volcanos; but theſe earthquakes are not thoſe which 
extend the fartheſt nor can they ever produce a chain 
of mountains. 

It has been ſometimes obſerved that the matters 
thrown out of Mount Etna, after having lain for 
many years and afterwards moiſtened with the rain, 
have reflamed and thrown out flames with a very 
violent exploſion, which even produced a flight 
ſhock. 

In a a furious eruption of Etna in 1669, which 
began the 11th of March, the ſummit of the moun- 
tain ſunk confiderably, as all who ſaw the moun- 
tain before this eruption, were ſenfible of. (See 
Tranſ. Phil. Abridged. Vol II. page 387; which 
proves the fireof a volcano comes rather trom the top 
than from the internal depth of the mountain. Bo- 
relli is of the ſame opinion, and ſays preciſely, 
That the fire of volcanos does not proceed from 
the center, nor from the foot of the mountain, but 
that on the contrary it iſſues from the ſummit, and 
only flames at a ſmall depth.” (See Borelli, de 
Incendiis montis Etna.) 

Mount Veſuvius in its eruptions has thrown out 
a great quantity of boiling water; M. Ray, whoſe 
opinion is, that the volcanean fire proceeds from a very 
great depth, ſays that is the water of the ſea which 
communicates to the internal caverns of the foot of 
this mountain he gives as a proot of it, the dryneſs 
and aridity of the ſummit of Veſuvius and rhe mo- 
tion of the ſea which in the time of theſe violent 
eruptions, retreats from the coaſts, and diminiſhes 
to the point of leaving the bay of Naples ſometimes 
dry: but if theſe facts were very true they would 
not prove in a ſolid manner that the volcanean fire 
proceeds from a great depth ; for the water which 
is thrown out is certainly the rain water which pe- 
netrates through the clefts and collects in the cavi- 

ties 
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ties of the mountain ; we ſee water and rivulets flow 
from other lofty mountains, and as they are hollow 
and have been more ſhaken than other mountains, 
it is not aſtoniſhing that the water collects in the 
caverns in their, internal part, and that theſe waters are 
thrown out in the time of eruptions with other mat- 
ters; with reſpect to the motion of the ſea, it pro- 
ceeds ſolely from the ſhock communicated to the 
waters by the exploſion, which muſt cauſe them to 
flow or reflow according to different circumſtances. 
The matters which volcanos throw out, generally 
come forth in the form of a torrent of melted mine- 
rals, which inundates all the environs of theſe 
mountains; theſe rivers of liquifted matters extend 
even to conſiderable diſtances, and by cooling, 
theſe matters in fuſion, form horizontal or inclined 
{trata, which for poſition are like the ſtrata formed 
by the ſediment left by the waters: but it is very 
eaſy to diſtinguiſh the ſtrata produced by the expan- 
fion of matters thrown out by volcanos, from thoſe 
which the ſediment of the ſea have for their origin. 
1. Becauſe theſe ſtrata are not throughout of an 
equal thickneſs: 2. becauſe they contain only mat- 
ters which are evidently perceived to have been 
calcined, vitrified, or melted, and becauſe they do not 
extend to any great diſtance. As there are a great 
number of volcanos at Peru, and as the foot of moſt 
of the mountains of the Cordillero's is covered with 
theſe matters thrown out by theſe volcanos, it is. 
not aſtoniſhing that marine ſhells are not met with 
in the ſtrata of the earth, having been calcined and 
deſtroyed by the fire, but I am perſuaded if we di 
into the argilaceous earth, which, according to Me 
Bouguer, is the common earth of the valley of 
Quito, ſhells are found there, as they are in other 
places; by ſuppoſing this earth to be purely agila- 
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ceous and not like that at the foot of mountains, a 
ſoil formed by the matters thrown out of the vulcano, 
It has often been aſked why volcanos are all met 
with at the top of mountains ? I think I have partly 
given a ſatisfactory anſwer to this queſtion in the 
preceeding diſcourſe, but as I have not entered 
into a ſufficient detail of it, I have thought it my 
duty not to finiſh this article without farther deve- 
loping what I have ſaid on this ſubject. 

The peaks or points of mountains were formerly 
covered and ſurrounded with the ſand and earth 
which the rain waſhes along with it into the vallies, 
and has left only the rocks and ſtones which forms 
the nucleus of the mountain. This being left bare 
and uncovered to the foot, will have been iti]ll worn 
by the injuries of the air, the froſt will have looſen— 
ed the large and ſmall parts which have rolled to 
the bottom, at the ſame time it has ſplit many 
rocks at the ſummit of the mountain, thoſe which 
form the baſe of this ſummit being left bare, and 
no longer ſupported by the earth which ſurrounded 
them, will have given way a little, and by dividing 
one from the other formed ſmall intervals: this 
ſhock of the lower rocks cannot be made withou: 
communicating a greater motion to the upper, end 
by that means ſplitting or dividing from cach other. 
In this nucleus of the mountein there will be formed 
an infinity of ſmall and large perpendicular cletts, 
from the ſummit to the bale of the lower rocks : the 
rain will have penetrated into all theſe clefts and 
looſened in the infide of the mountain all the mine- 
ral parts and other matters that it could carry awar 
or diſſolve, they will have formed pyrites and other 
combuſtible matters, and when by length of time, 
theſe matters were accumulated in great quantity 
they have fermented, and by inflaming produced 
exploſion, ard other effects of volcanos ; perhaps 
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likewiſe, within the mountains there were maſſes of 
theſe mineral matters already formed before the 
rain could penetrate therein : as ſoon as holes and 
clefts were made which gave paſſage to the water 
and air, theſe matters inflamed and formed a volca- 
no: none of theſe motions could be made in 


plains fince all is at reſt and nothing can be diſplaced, 


it is not ſurprizing that there are therefore no vol- 
canos in plains, and that they in fact are found only 


in high mountains. g 

When coal mines are opened, whieh are gene— 
rally met with in argilaceous earth at a great depth, 
it ſometimes happens that theſe matters have 


taken fire; there are even mines of coal in Scot- 


land, Flanders, &c which have burnt for a num- 
ber of years. The Communication of the air ſuf- 
tices. to produce this effect, but theſe fires which 
are lighted in theſe mines, produce only flight ex- 
ploſions and do not form volcanos, becauſe all be- 
ing ſolid and full in theſe places, fire cannot be 
excited, like that of volcanos in which there are 
cavities and void places where the air penetrates, 


which muſt neceftarily extend the conflagration and 


augment the action of the fire, to the point in 


which we ſec it when it produces the terrible effects 
we have ſpoken of, 
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SG RTSCLE XVII. 
Of New Iſlands, Caverns, Perpendicular Clefts, Ec. 6c. 


EW iſlands are formed in two manners, either 
ſuddenly by the action of ſubterraneous fires, 
or gently by the _ of mud. We ſhall firſt 
ſpeak of thoſe. which owe their origin to theſe two 
cauſes. Ancient hiſtorians and modern travellers 
relate facts on this ſubjedt which can ſcarcely be 
doubted. Seneca aſſures us, that in his time the 
iſland Theraſia appeared all at once to the ſight of ma- 
riners. Pliny relates that formerly, there were thirteen 
iſlands in the Mediterranean, which ſprung at one 
and the ſame inſtant out of the ſca, and that Rhodes 
and Delos are the principal of theſe thirteen new 
iſlands ; but, it appears by what he ſays of them, 
and by what likewiſe Ammian Marcellinus, Philo 
and others aſlert, that theſe thirteen lands were not 
produced by an earthquake, nor by any ſubterrane- 
aus exploſion, they were formerly hid under water 
and the ſea lowering left, they ſay, theſe iſlands un- 
covered. Delos had even the name of Pelagia given 
to it, as having formerly belonged to the ſea. We 
therefore are not certain whether we ſhould attribute 
the origin of theſe thirteen iflands to the action of 
ſubterraueous fires, or to ſome other cauſe which 
might have produced a fipking and diminution of 
the water in the Mediterranean, But Pliny relates, 
that the iſiand Hiera near Theraſia, has been form- 
ed of ferruginous mafles, and earth thrown from 
the bottom of the fea: and in chapter 89, he 
ſpeaks of many other iflands, formed after the like 


Man- 
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manner; on this ſubje& we have more certain facts 
of later date. ; ip Bae 

The 23d of May 170%, at the ſun's riſing this 
iſland of Therafia or Santorin, was ſeen like à float; 
ing rock in the ſea; ſome perſons who were curious 
went near it, and found this ſhoal which had iſſued 
from the bottom of the ſea, to ihcreaſe under their 
feet, and they brought with them the pumice ſtone 


and oyſters: which the rock till had attached to its 


ſurface.' / There was a flight earthquake at Santorin 
two days before the growth of this ſhoal; this new 
iſland increaſed confiderably till the 14th of June 
without any accident, and was then half a mile 
round and from twenty to thirty feet high, the 


earth was white and bordered a little argilaceous; 


but after that the fea was troubled more and more, 
vapours aroſe which infected the ifland Santorin 
and the 16th, 17th or 18th. of July, rocks were ſeen 
to iſſue at one time from the bottom of the ſea, all 
- which united and formed like one rock. All this 


was done with a diſmal noife which continued up- 


wards of two months, with flames which roſe from 


the new iſland ; it ftill kept inereaſing in eireum- 


ference and height, and the exploſions always threw 


out rocks and ſtones more than feven miles diſ- 


tance, The ifland Santorin itſelf, has been deemed 
among the ancients as a modern production, and in 
1726, 1427, and 1573, it has increaſed in growth, 
and, ſmall iſlands have been formed near Santorin. 
See the Hiſt. of the Acad. 1708, p. 23, &c. The 
ſame volcano which in the time of Seneca, form- 
ed the iſland of Santorin, in the time of-Pliny pro- 
duced that of Hiera or Volcanello, and in our time 
the above ſhoal has been formed. 

The 1oth of October 1720, near the iſland Ter- 
ceria, a very confiderable fire aroſe out of the ſea; 
mariners having approached it by the orders of the 

Vor. VI. Z gover- 
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governor, perceived the 19th of the ſame month, an 
iſland which appeared only as fire and ſmoke, with 
a prodigious quantity of cinders thrown to a diſ- 
tance, as if cauſed by the force of a volcano, with 
a report like that of thunder. An earthquake hap- 
pened at the ſame time which was felt in the cir- 
cumjacent places and a great quantity of pumice 
ſtones were obſerved on the ſea, eſpecially around 
the new iſland, theſe pumice ſtones ſwam and ſome- 
times a great quantity was found in the midſt of 
the high ſeas. Sce Philoſ. Tran. Abridg. vol. VI. 
part ii. p. 154. The Hiſt. of the Academy, anno 
L721, ſays on this event, that after an earthquake 
in the iſland of St. Michael, one of the Acoras, 
there appeared between this iſland Tercera a torrent 
of fire which gave birth to two new ſhoals, p. 26. 
In the volcano of the following year 1722, we meet 
with the following detail: 

% M. de Liſle, has informed the Academy of 
many particularities concerning the new iſland be- 
tween the Acoras, which he extracted from a letter 
of M. de Montagnac, conſul at Liſbon.“ 

„ A veſſel which was moored the 18th of Sep- 
tember 1721, before the fortreſs of the town of St. 
Michael, which is in the iſland of the ſame name, 
and the following is what was learnt from the 

ilot.“ 

P On the 7th of December 1720, at night there 
was a great earthquake in Tercera and St. Michael, 
about eighteen leagues apart, between which the 
new ifland ſprung up : it was remarked at the ſame 
time that the point of iſland Pico, which was thirty 
leagues diſtant and which before threw out fire, was 
ſunk and emitted none; but the new iſland kept 
throwing out a thick ſmoke and it was effectively 
ſeen from the veſſel M. de Montignac was in. The 
pilot aſſured us that he had gone round the ifland 


in 
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in a boat, rowing as near it as poſſible. On the 
ſouth fide he threw the line fixty fathom deep, 
without touching any bottom; on the weſt fide, 
the water was found greatly changed, being of a 
fair blue and green, and which extended two-thirds 
of a league, and ſeemed ready to boil. On the 
north weſt, the part from which the ſmoke iflued, 
he found fifteen fathom water, the bottom being a 
thick ſand ; he threw a ſtone into the ſea, and ſaw 
in. the part where it fell, the water to boil and 
bubble with impetuofity : the bottom was ſo hot 
that it twice melted the greaſe at the bottom 
of the ſounding, lead; the pilot obſerved on that 
tide the ſmoke to iſſue from a ſmall lake bounded 
by a ſand bank; the ifland is almoſt round and 
high enough to be perceived at the diſtance of 
leyen or eight leagues in clear weather. 

It has ſince been learnt from à letter of M. 
Adrian conſul of the French nation, in the iſland of 
St, Michel, dated March 1722, that the new ifland 
had conſiderably diminiſhed, and that it was almoſt 
level with the water, ſo that there was every ap- 
pearance to think it would not laſt long.“ 

We are therefore aſſured by theſe facts, and by 
a great number of others of a fimilar nature, that 
even underneath the ſea, inflammable matters inclo- 
{ſed in the bowels of the earth, act and cauſe violent 
exploſions, The places where this happens are kinds 
of volcanos which might be termed marine : and which 
differ from common volcanos only by the ſhortneſs 
of the duration of their action, and the unfrequency 
of their effects: for it is readily conceived that the 
fire having opened itſelf a paſſage, the water muſt 
penetrate therein and extinguiſh it: the new iſland 
muſt conſequently leave a void ſpace which the water 
muſt fill, and this new earth, which is only com- 
poſed of matters thrown out by the marine volcano, 


muſt 
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muſt in every thing reſemble mount Cineris, and 
other eminences which terreſtrial volcanos have 
formed in many places: now in the time of the 
diſplacement cauſed by the violence of the ex- 
ploſion, and during this motion the water will have 
penetrated into moſt of the vacant places, and for a 
time will have extinguiſhed this ſubterraneous fire. 
This apparently. is the reaſon that theſe ſub-marine 
volcanos act ſeldomer than other volcanos, al- 
though the cauſes of both are the ſame, and the 
matters which produce and feed theſe ſubterrancous 
fires, may be found under the earth covered by the 
ſea, in as great a quantity as under the earth which 
lies open to the air and uncovered. 

Theſe are the ſame ſubterraneous or ſub- marine 
fires, which are the cauſe of all thoſe ebullitions of 
the ſea, which ſailors have remarked in divers pla- 
ces, and of the water ſpouts we have beforc-menti- 
| oned ; they likewiſe produce ſtorms and earthquakes 

which are not leſs ſenſible on the ſea, as on the land, 
Theſe iſlands which have been formed by theſe ſub- 
marine volcanos, are generally compoſed of pumice- 
ſtone and calcined rocks, and theſe volcanos produce, 
like thoſe of the land, very violent earthquakes and 
commotions. | . 
Pires have been alſo often ſeen on the ſurface of 
the water ; Pliny tells that the lake Thrafimenia 
appeared inflamed over all its ſurface. Agricola 
relates that when a ſtone is thrown into the lake 
Denſtad in Thuringia, it appears as it deſcends in 
the water, like a flaſh of fire. 

In ſhort, the quantity of pumice ſtones which 
travellers aſſure us they have met with in many parts 
of the ocean, and the mediterranean, proves that 
there are volcanos at the bottom of the ſea, fimilar 
to thoſe we are acquainted with, and which do not 
at all differ, neither by the matters they caſt out, 
nor 
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nor by the violence of the exploſion, but: ſolely by 
the rarity, and ſhortneſs of duration of their effects; 
all, even volcanos are met with at; the bottom of 
the ſea, as the ſurface of the earth. + 2. 

If we even pay attention thereon, we ſhall find 
many connections between land volcanos and ſea 
volcanos: both the one and the other are found at 
the ſummit of mountains ; the iſlands of Acoras and 
thoſe of the Archipelago are only peaks of moun- 
ſome which riſe above the water and others are 
underneath, By the account of the new iſland, of 
the Acoras we ſee, that the part, from whence the 
ſmoke iſſued was only 15 fathom under water, which, 
being common the depth of the ocean, proves that 
even this part is the ſummit of a mountain;.asmuch, 
may be ſaid of the iſlahd Sanctorin, it. was, not. a 
great deptb, ſince oyſters were. found attached to 
the rocks which roſe up. It appears alſo that theſe, 
marine volcanos, have like thoſe of the land, ſome 
ſubterraneous communications, ſince the ſummit of 
the volcano of Saint George, in the iſland Pico, 
finks when the new iſland of the Acoras riſes: it 
muſt alſo be obſerved that theſe new iſlands never; 
appear but after the old ones, and that we have na 
example of new_ iſlands having ariſen in the, high 


ſeas; we muſt therefore look on the ſoil where, 


they are, as a continuation of that of the adjacent 
iſlands, . and when theſe iſlands have volcanos, it is 
not aſtoniſhing that the ground adjacent, contain 
matters proper to form them, and that theſe matters, 
inflame, either by fermentation alone, or by the 


action of ſubterraneous winds. An 76 
On the whole, the iſlands produced by the action 
of fire and earthquakes are but, few. and, theſe, events 
are ſeldom; but there are an infinite number, of 
new iſlands produced by the mud, ſand and earth, 
which the rivers, or the ſea carry and tranſport into 
| is 4 dif- 
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different places. At the mouth of all rivers, maſſes” 
of earth and banks of'ſand forms, whoſe extent often 
becomes conſiderable enough to form iſlands of a 
moderate fize, The ſea retiring from certain coaſts, 
leaves the parts higheſt from the bottom naked, 
which forms ſo many new iſlands, and ſo likewiſe 
by extending itſelf on certain ſhores, it covers the 
loweft parts, and leaves the higheſt, which it could 
not ſurmount, apparent above the ſurface of the 
water, which forms ſo many more iſlands, in con- 
ſequence of which it is remarked that there are 
very few iſlands in the middle of the ſea, and that 
they are almoſt all in the neighbourhood of the 
continents, where the ſea formed them, either by 
retreating from or approaching towards theſefaif- 
ferent countries. KS 

Water and fire whoſe natures are ſo different, and 
even ſo contrary, produce fimilar effects, or at leaſt 
thoſe which appear to us as ſuch ; independent of 
the particular productions of theſe two elements, 
ſome of which bear ſo ſtriking a reſemblance, as to 
be miſtaken for each other, as glaſs and chryſtal, na- 
tural and fiftitious antimony, the natural matters of 
mines, and thoſe artificially made by fuſion, &Cc. 
There are in nature an infinity of great effects pro- 
duced by water and fire, which are ſufficiently ſimi- 
lar, fo as ſcarcely to be diſtinguiſhed, Water, as 
has been obſerved, has produced mountains and 
formed moſt iflands. There arc likewiſe caverns, 
clefts, holes, gulphs, &c. ſome owe their origin to 
ſubterranean fires, and athers to waters, as well 
ſubterranean as ſuperficial, 

Caverns are met with in mountains, and few or 
none in plains : there are many in the Archipelago 
iſland, and in many other iſlands, and becauſe they 
are in general only above the mountains ; caverns 
are formed like precipices, by the finking of rocks, 

or 
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or like abyſſes, by the action of the fire: for to 
form a cavern of a precipice or abyſs, we muſt 


only ſuppoſe the rocks contributed thereto, by 


making a vault, which muſt very often happen 
when come to be ſhaken and diſlodged. Caverns 
may be produced by the ſame cauſes which produce 
holes, the ſhaking and finking of the earth, which 
cauſes are the exploſion of volcanos, the action of 
ſubterranean vapours and earthquakes; for they oc- 
cafion caverns, holes, and anfractuoſities of every 
kind to be formed by their ſhocks and deſtruction. 
Saint Patrick's cavern in Ireland is not fo confi- 
derable as it is famous, it is the ſame with the Dog's 
Grotto in Italy, and that which throws out fire, in 
theJmountain of Benigauzeval in the kingdom of Fez. 
In the county of Derby in England, there is a very 
confiderable large cavern, much larger than the fa- 
mous cavern of Beauman, near the Black Foreſt in 
the country of Brunſwick. I have been informed 
by a perſon as reſpectable for his merit as his name 
(Lord Morton) that this large cavern, called the 
Devil's Hole, at firſt preſents a very confiderable open- 
ing, like that of a large church door :\that through 
this opening a large rivulet flows; that\n advancing 
the vault of the cavern grows lower, ſo much, that 
in a certain part of it, perſons who are deſirous of 


continuing their road, are obliged to get into very 


flat boats, and lay on their backs to paſs under 


the vault of the cavern, which in that part is funk 


ſo greatly, that the water almoſt touches the vault ; 
but after having paſſed this part of the vault, the 
vault riſes and the paſſage on the river is free till 
the vault finks again, and touches the fuperficies of 
the water, where the cavern ends, and the ſource of 


the rivulet which iflues from it, increaſes conſidera- 


bly in a certain time: and brings and heaps up a 
great quantity of {and in one part of the cavern, 
which 
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which is formed like an alley, whoſe direction is 
different from that of the principal cavern. 


In Carniola is a cavern Potpechio, which is very 


1 8 8 and in which a large ſubterraneous lake 
is found. Near Adelſperg is a cavern in which we 
may travel two German miles, and where very deep 
Papiers are to to be met with. (See Act. erud: 
ApS. anno 1689, page 558. There are alſo large 
cayerns and beautiful grottos under the mountains 
of Mendip in Wales; mines of lead are found near 
_ theſe Caverns and whole oaks at fifteen fathom depth. 
In the county of Glouceſter there is a very large ca- 
vern called Pen Parkhole, at the bottom of which 
there is a depth of water thirty fathom, and mines of 
lead are alſo found here. | 
The Devil's hole and other caverns therefore from 
whence ifſue large ſprings or rivulets, have been 
hollowed out and formed by the water which has 
brought along with it, ſand and other divided mat- 
ters that are found among the rock and ſtones, and 
we ſhould be perfectly right in attributing the ori- 
gin of thefe caverns to earthquakes and other natural 
ſhocks. | | | 
One of the moſt remarkable and largeſt caverns 
known, is that of Antiparos, an ample deſcription 
of which has been given us by M. de Tournefort. 
We enter a ruſtic cavern about thirty feet broad, di- 
vided by ſome natural pillars on the right, the ground 
is a gentle ſlope, and afterwards to the bottom of a 
more rough inclination for about twenty feet in length; 
this is the paſſage to go to the grotto or internal 
cavern, which is very dark, and which cannot be 
entered without ſtooping and the aſſiſtance of tor- 
ches: we directly deſcend into an horrible precipice 
by the aſſiſtance of a rope, which is carefully faſ- 
tened at your entrance, one fide, into another ſtil] 
more frightful, the borders of which are very flip- 


pery 
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pery, with dark abyſſes on the left. On the bor- 
ders of theſe gulphs a ladder is placed, by means of 
which we mount with trembling, a rock perpendicu- 
larly cut, and continue to go through places ſome- 
what leſs dangerous: but, in the very inftant when 
we think ourſelves in a good path, the moſt horrible 
obſtruction ſtops us ſhort, and the cutious naturaliſt 
would be in danger of breaking his head, did not the 
guide forewarn him: to get free of this you are oblig- 
ed to crawl on your hands and knees the length of a 
large rock, and deſcend a ladder brought with you on 
purpoſe : when you are at the bottom of the ladder, 
you-itill crawl over the rocks ſor ſome time and at 
jaſt reach the grotto. It is computed to be three 
hundred fathom deep from the ſurface of the earth, 
but the grotto appears to be forty fathom high b 
ſiſty broad, it is filled with large beautiful ſtalactites 
of various forms, as well on the roof of the vault as 
at the bottom. See the Voyage de Levant, page 
188, QC. 

In part of Greece called Livadia (the Achaia of 
the ancie nts) there is a large cavern in a mountain 
which was formezly very famous for the oracles of 
Trophonius, between the lake Lividia and the adja- 
cent ſea, which in the neareſt part is forty miles over; 
there are forty ſubterranean paſſages acroſs the rock 
unde a loft ty mountain, through which the waters of 
the lake flows. See Gordon's Geography, 1 
page 179. ; 

in all volcanos, in all countries which produce 
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of the Indian ocean, principally that of the Moluc- 
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every ſmall iſland, is internally hollow and cavern- 
ous in many parts, becauſe theſe iflands are, as we 
have obſerved, only points of mountains where con- 
fiderable ebulitions are made, either by the action 
of volcanos, either by that of the water, froſts or 
other injuries of the weather. In the Cordilleros, 
where there are many volcanos, and where earth- 
quakes are frequent, there is alſo a great number of 
caverns, as there is likewiſe in the volcano of the 
iſland of Banda, in mount Azarat which is an anti- 
ent volcano, &c. 

The famous labyrinth of the iſland of Candia, is 
not the work of nature alone, M. de Tournefort aſ- 
ſures us, that it has been greatly worked upon by 
men, and it mutt be ſuppoſed that this cavern 1s 
not the only one which has been augmented by hu- 
man labour, new ones are every day formed by dig- 
ging mines and quarries, and when they are aban- 
doned for a long time, it is not very eaſy to diſcover 
whether theſe excavations have been the producti- 
ons of nature or formed by the hands of man. We 
know of quarries of conſiderable extent; for example 
that of Maeſtricht, where it is ſaid 50,000 men may 
conceal themſelves and which is ſupported by 'up- 
wards of 1000 pillars twenty or twenty-four feet 
high. The thickneſs of the earth and rock which is 
above is more than twenty-five fathom. In man 
parts of this quarry there is water and ſmall ponds 
where cattle may be watered, &c. See Abridg. Phil. 
Tranf. vol. II. p. 463. 

The falt mines in Poland form fill greater exca- 
vacations than the above, There are generally vaſt 
quarries near large towns, but we do not here ſpeak 
of them in general: beſides the labour of man how- 
ever great it may be, will ever hold but a ſmall place 
in the hiſtory of nature. 

Volcanos and waters which produce caverns in- 

ter- 
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ternally, form alſo external clefts, precipices and 
abyfles. At Cajeta in Italy, there is a mountain 
which formerly has been ſeparated by an earthquake, 
in a manner ſo as to appear as if the diviſion was 
made by the hand of man: we have already ſpoken 
of the matters of the iſland of Machian, of the abyſs 
of mount Azarat, of the gate of the Ccrdilleros, 
and that of T hermopy le, &c. To theſe may be add- 
ed, the gate of the mountain of Froglodytes in Ara- 
bia; which nature only ſketched out and which 
Victor Amadeus cauſed to be finithed. Water as 
well as ſubterranean fires produce conſiderable ſink- 
ings of the earth, falls of rocks, overthrows of moun- 
rains of which we can give many examples. 

In the month of June 1714, a part of the moun- 
tain of Diableret in Valois, fell ſuddenly and be- 
tween two and three o'clock in the afternoon : the 
iky was very ſerene, the mountain was of a co- 
nical figure, and deſtroyed fifty three huts belong- 
ing to the boors, ande ruſhed to death fiſteen people, 


and more than an hundred head of large and much more 


of ſmall cattle; covering a (quark league with the 


ruins it occaſioned. A profound d arkneſs was cauſed 
by the duſt, the heaps of ſtones en together 
were above thirty pero hes. Theſe heaps ſtopt the 
Cl Trent of the water which formed new and 1 deep 
lakes. In all this there was not the leaſt trace of 
picumin "us matter, ſulphur, lime, nor conſequently 
v ſubterrancan fire und apparently the bate of this 
8 rock was worn away or periſhed and reduced 
to duſt.” Hiſtoire de I Academie des Sciences, anno 
L716 Bo 4s 
We have a remarkable example of theſe ſin kings 
zear Folkſtone, in the county of Rent: the hills in 
its environs have funk gra Aually by an invifible mo- 
tion and without any earthquake. "Theſe hills! inter- 
nally are rocks of ſtone and chalk, by this fink- 
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ing they have thrown into the ſea rocks and earths 
which are adjacent to it. The relation of this ma 
be teen in the Abridgement of the Philotophical Tranf. 
vol. VI. p. 250. 

In 1618, the town of Pleurs in Valtelino was bu— 
ried under the rocks at the bottom which it wasfituate, 
In 1678, there was a great inundation in Gaſcony, 
cauſed by the ſinking of ſome pieces of mountains 
in the Pyrenees, which cauſed the water to ſpring 
forth, which was contained in the fubterranean ca- 
verns of theſe mountains. In 16% there happened 
a {till greater in Ireland which allo had the fink! ing 
of a mountain into caverns filled with water for us 
cauſe. We may eaſily conceive the cauſe of all theſe 
effects: it is well known there are ſubterranean 
waters in an infinity of places, theſe waters carry off 
by little and little the ſand and earth over which 
they pals, conlequently by degrees deftroy the bed 
of earth on which the mountain reſts, and this bed 
of earth which ſerves it for a baſe, being more de- 
ficient on one ſide than on the other, the mountain of 
courſe muſt be overthrown, or if this bale falls ever 
where alike, the mountain will fink and not be over- 
thrown. 

After having ſpoken of the fink ags, and of all 
which happens, as | may ſay, only by accidents in 
nature, we ought not to paſs over in ſilence a mat- 
ter which is more ge: eral, common and antient 
which 15 the PErPC {1 dict lar c Ii , 5 * und th rod 11 
ſtrata of the earth; OY cletts are e percep tbl | = 
in the rocks, quar- 
argilaceous and 
ich ha\ E nor beet 1 thi tirrec 1. and 
they may be obierved in all cuts that are a lirtl 
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horizontal ſtrata are inclined only by accident. 
Woodward and Ray ſpeak of theſe clefts, but in a 
confuſed manner, and they do not term. them per- 
pendicular clefts, becauſe they thought they might 
be indifferently oblique or perpendicular, and no 
author has explained the origin of them. Nevyerthe- 
leſs, it is apparent that theſe clefts have been pro- 
duced, as we have obſerved in the preceeding diſ- 
courſe, by the dryneſs of matters which compote ho- 
rizontal beds: in whatſoever manner this dryneſs 
happens, it muſt have produced perpendicular cliſts; 
the matters which compoſe the ſtrata have not been 
able to diminiſh in volume, without ſplitting in a 
perpendicular direction to theſe ſtrata, Neverthe- 
leſs, I comprehend under this name of perpendicular 
clefts, all natural ſeparations of rocks, whether they 
are met with in the original poſition, or whether 
they have ſlipt a little in their baſe and conſequently 
a little removed from each other. When ſome con- 
ſiderable motion happens to maſſes of rocks, theſe 
clefts are found obliquely placed, but this is becauſe 
the mals is of itſelf oblique, and with a little atten- 
tion It is always very eaſy to diſcover that theſe clefts 
are in general perpendicular to the horizontal ſtrata, 
particularly in quarries of marble, lime, ſtones, and 
all large chains of rocks. 

Mountains internally are principally compoſed of 
ſtone and rocks, where different beds are parallel : 
between the horizontal beds ſmall ftrata of a ſofter 
matter than ftonq@ is found, and the perpendicular 
clefts are filled with ſand, chryſtals, minerals, metals, 
&c. thete laſt matters are of a more modern forma- 
tion than that of the horizonal beds, in which we 
find ſca ſhells. The rains have by degrees looſen- 
ed the ſand and the earth on the upper parts of the 
mountains, and have left the ſtone and other ſolid 


matter entirely naked, in which we readily diftin- 


guiſh 
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guiſh the horizontal ſtrata and perpendicular clefts : 
in plains, on the contrary, the rain water and floods 
having brought a conſiderable quantity of earth, ſand, 
gravel, and other broken matters, have formed ſtrata 
of turf, ſoft and diſſoluble ſtone, ſand and pebble and 
earth mixed with vegetables: theſe itrata contain 
no marine ſhells; or at leaſt, contain only fragments 
which have been detached from mountains with 
gravel and earth. We muſt carefully diſtinguith theſe 
new ſtrata from the old, where almoſt always a great 
number of entire ſhells are found placed in their na- 
tural ſituation. 
If we obſerve the order and internal difpofitlen 

of matters in a mountain compoſed, for example of 

common ſtones or calcinable lapidific matters, we ge- 
nerally find a ſtrata of gravel under the vegetable 
earth ; this gravel 1s of the nature and colour of the 
ſtone which predominates in this ground, and under 
the gravel we meet with ſtone : when the mountain 
is divided by ſome trench or deep cut, we cafily diſ- 
tinguiſh all the banks and ſtrata of which it is com- 
poſed. Each horizontal ſtratum is ſeperated by a 
kind of joint which is likewiſe horizontal, and the 
thickneſs of theſe banks or horizontal ſtrata generally 
increaſe in proportion as they lower; that is to ſay. 
farther from the ſummit of the mountain : theſe cleits 
are alſo perceived to divide al! the ſtrata and cut 
them vertically. In common, the firſt ſtratum, 505 
tirſt bed which is met with un; der the gravel, and eve 
the ſecond are only thinner than che beds RI 
form the baſe of the mountain, but are al Ho divided by 
perpendicular clefts, ſo wore that pieces of any lengthare 
not to be ſeen, but only the iraall ſtony matter of theſe 
Perpe indicular. clefts which are numerousat the {uperfſi- 
cies and which perfectly reſemble the cracks of ground 
Which are very dry. do not all reach, by far to the 
on : - inſenfib! V dit 2 
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2ppear in proportion as they deſcend, and at bottom 
are only a certain number of theſe perpendicular clefts, 
which divide the lower banks more than of the ſu- 


perticies, and are always thick than the upper 


bank. 

Theſe beds of ſtone, are often, as I have obſery- 
ed, many leagues in extent without = interrupti- 
on : we almoſt always meet with the ſame kind of 
ſtone in the oppoſite mountain, although divided 
from it, by a neok or valley, and the beds of ſtone 
diſappear only in places where the mountain finks and 
becomes level with ſome large plain. Sometimes 
between the firſt ſtratum of vegetable earth and that 
of gravel, marle is found, which communicates its 
colour and other characters to the other two : then 
the particular clefts of the quarries which are be- 
neath, are filled with this marle, which acquires an 
hardneſs almoſt in appearance equal to that of ſtone, 
but by expoſing it to the air it crumbles, ſoftens and 
becomes ductile. 

In moſt quarries the beds formed on the upper 
part or ſummit of a mountain, are ſoft ſtone, and 
thoſe which form the baſis of the mountain are hard; 
the firſt is commonly white, of ſo fine a grain as 
ſcarcely to be perceived; the ſtone becomes more 
grained and harder in proportion as it defcends, and 
the loweſt ſtone of the banks is not only harder than 
that of the upper beds, but it is alſo cloſer, compact 
and heavier; its grain is fine and gloſſy and often 
brittle and breaks as clear as flint. 

The nucleus of a mountain 1s therefore compoſed 
different beds of ſtone, the upper part of which are 
of ſoft ſtone and the lower of hard; the ſtony nu- 
cleus is always broader at the bottom than at the top, 
we may attribute the caute of it to theſe different 
degrees of hardneſs which we meet with in beds of 
ſtone ; for, as they become fo much the Harder as 

they 
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they are farther removed from the ſummit of the 
mountain, it may be ſuppoſed that the currents 
and other motions of the waters which have hol- 
lowed thejvallies'and give a ſhape to the turnings of 
a mountain; will have laterally worked on the mat- 
ters of which the mountain is compoſed, and 
will have worn them away io much the faſter as 
they were ſofter : fo that the upper ſtrata bein 

the moſt tender, will have ſuffered the greateſt di- 
minution in their breadth and will have laterallyſbeen 
worked upon more than the reſt : the ſucceeding 
ſtrata will have reſiſted a little more, and thoſe of 
the baſe being more ancient, ſolid, and formed in 
a more compact and harder manner, will have 
been more in a condition than all the reſt to defend 
itſelf againſt the action of exterior cauſes, and they 
will have ſuffered little or no lateral diminution by 
the friction of the water. This is one of the cauſes 
to which the origin of the ſtone of mountains may 
attributed, this inclination will become till leſs 
ſteep in proportion as the earth on the ſummit, and 
the gravel has run down and been waſhed away 
by the rain, and for theſe two reaſons, it 1s, that 
all hills and mountains which are compoſed of 
oily calcinable ſtone and other calcinable lapidific 
matters, have an inclination which is never ſo rapid 
as that of mountains compoſed of live rock and flint 
in large maſſes, which are g 


generally cut regular 
from very confiderable heights ; becauſe, in theſe 


maſſes of vitrifiable matters, the upper beds as well 
as the lower, are of very great hard neſs, and that 
they all have alike reſiſte d the action of the water, 
which could not wear them alike from top to 
bottom, and gave them conſequently a perpendicu- 
lar, or nearly a perpendicular incliaation. 

When on the top of certain hills whoſe ſum— 
mit is flat, and of a pretty large extent, we at firſt 


mee 
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meet with hard ſtone under the ſtratum of vegetable 
earth, we ſhall remark, if we obſerve the environs 
of theſe hills, that what appears to be the ſummit 
of it, is not fo in fact, and that this upper part of 
the hill is only the continuation of the inſeuſſble 
ſtone of ſome higher hill; for after having traverſ- 
ed this ſpace of ground, we find other emitierices 
which riſe higher, and whoſe uppet ſtrata ate ſoft 
ſtone and the lower hard; it is the prolongation of 
theſe laſt ſtrata that we meet with again at the top 
of the firſt hill. OY 

When on the contrary, a quarry is opened neat 
the ſummit of 4 mountain, and in ground which is 
hot ſurmounted by any confiderable height; gene- 
rally only ſoft ſtone is dug out of it, and we muſt 
dig very deep to meet with hard ſtone. Banks of 
marble are never found but between theſe beds of 
of hard ſtone; theſe marbles are diverſely coloured 
by the metallic eatths which the rain introduces 
into the ſtrata by infiltration, aftet having detached 
them from the other upper ſtrata z and it may be 
imagined that in every country where thetfe is ſtonez 
marble would be found if dug for, deep enough 
to get at the banks of hard ſtone i quota enim loco non 
fuum marmor inveni:ur ? ſays Pliny; this in fact is 
a much more common ſtone than it is thought to 
be, and which differs from other ſtones; only by the 
nneneſs of its grain, which renders it more compact 
and ſuſceptible of a brilliant poliſh; a quality eſſen- 
tial to it, and from which it took its denomination 
from the aricients, 
The perpendicular ftrata of quatries and joints of 
beds of ſtone, ate often filled ad incruſted with 
certain concretions, which are ſometimes as tranſ- 
parent as chtyſtal, of an irregular figute; ſothe- 
times opaque and terrene : the water flows through 
the perpendicular clefts, and penetrates even the 
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compact coat of the ſtone ; the ſtones which are 
porous, imbibe ſo great a quantity of water, that 


the froſt ſplits and divides them. The rain tranſu- 
ding the beds of a quarry, and during its ſtay in 
the beds of marle, ſtone, and marble, looſen the 
leſs adherent and fine molecules, and load themſel- 
ves with every matter they can take up or diſſolve. 
Theſe waters at firſt run along the perpendicular 
clefts, they afterwards penetrate between the beds 
of ſtone, and depoſit between the horizontal joints, 
as well as in the perpendicular clefts, the matters 
they have brought with them, and they form theſe 
different congelations according to the different 
matters which they have depoſited: for example, 
when theſe dribling waters tranſude thro' marle, chalk, 
or ſoft ſtone, the matter which they depoſit is like- 
wiſe a very pure and fine marle, which generally 
enters in the perpendicular cleft of the rocks under 
the form of a porous ſoft ſubſtance, commonly very 
white and light, which naturaliſts have called Lac 
lunce, or Metall, Saxi. 

Whence theſe ſtreams of water loaded with lapidific 
matter, flow through the horizontal joints of the 
beds, loft ſtone or chalk, this matter attaches itſelf 
to the ſuperficies of the blocks of ſtone, and forms 
there oy won light, white, and ſpongy cruſt ; it is 
this kind of matter which ſome authors have named 
Mineral Agaric, by its reſemblance to vegetable aga- 
ric: but if the matter of the ſtrata has a certain 
degree of hardneſs, that is to ſay, if the beds of 
the quarry are of common hard ſtone, proper to 
make good lime, the fiiter being then more cloſe, 
the water will iſſue from it loaded with lapidific 
matter, purer, homogenous, and whoſe molecules 


can grain more exactly, and unite more intimately ; 


and then there will be formed congelations which 
will nearly have the hardneſs of ſtone, and a 
| little 
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little tranſparency, and we ſhall find on the ſuper- 
ficies of the blocks in theſe quarries, ſtony incrul- 
tations undulouſly difpoſed, which entirely fills 
the horizontal joints. . . 

In grottos and cavities of rocks, which may be 
looked upon as the baſons of perpendicular elefts, 
the diverted direQion of the ſtreams of water, 
which convey the lapidific matter, give to the 
concretion which reſult therefrom, different forms, 
which are attached to the vault, or hollow and 
white cylinders, formed by the almoſt concentrical 
rata to the axis of the cylinder; and theſe conge- 
lations ſometimes deſcend to the earth, and form 
in theſe ſubterrancous places, pillars, and a thou- 
{and other figures, as uncouth and ridiculous as 
the names which naturaliſts have been pleaſed to 
give them, ſuch as, Slatactites, Stelegmites, Oſleo- 
collas, * &c. 

At length, when theſe concretic juices iſſue im- 
mediately from a very hard matter, as from mar- 
ble and hard ſtone, the lapidific matter conveyed 
by the water, being as homogenous as it poſſibly 
can be, and the water having as I may ſay, rather 
diſſolved than looſened the ſmall conſtituent parts, 
by uniting, it takes a conſtant and regular figure, 
and forms columns, terminated by a' triangular 
point, which are tranſparent and compoſed of ob- 
lique ſtrata, this is what called Sparr or Shall. 
'This matter 1s generally tranſparent and. colourleſs, 
but it is ſometimes alſo coloured, when the hard 
{tone or marble from whence it iſſues, contains me- 
tallic parts. This Spar has the degree of hardneſs 
of ſtone, it diſſolves, like ſtone, by acid ſpirits; 
it calcines with the ſame heat, therefore we 
cannot doubt but that it is real ſtone, become per- 
fectly homogenous ; it might even be ſaid that is 


pure 
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ure and elementary ſtone, under its proper and 
tpecific form. $ | 1 
Notwithſtanding moſt naturaliſts look on this matter 
es a direct ſubſtance, exiſting independent of the ſtone, 
that is their lapidific or chryſtalline juice; which 
according to them, not only binds the parts of the 
ſtone common, but even thoſe of flint; this juice, ſay 
they, augments the denſity of ſtone by reiterated 
infiltrations, it renders them every day more ſtony 
than they were, and at length convert them in real 
flint; and when this juice is fixed in ſpar, it re- 
ceives by reiterated infiltration fimilar juices, ſtill 
further depurated, which increaſes its denſity and 
hardneſs, ſo that this matter having ſucceſſively 
become ſpar, glaſs, and then chryſtal, becomes a 
diamond, Thus all ftones, according to them, and 
all tranſparent matters to become diamonds. 
But if this is true, why do we fee, throughout 
whole provinces, this chryſtalline juice form only 
Kone, and chat in other- provinces, it farms only 
flint? Will they ſay, that the two ſoils are not of 
a like age, hat this juice has not had time to cir- 
culate and act as long in one as the other? This 
is not probable, befides, from whence does this 
juice proceed? Tf it produces ſtone and flints, 
what is it that produces this juice? It is plainly 
apparent that it does not exiſt independent of theſe 
matters, which of themſelves can give to the wa- 
ter which penetrates them, this petrifying quality, 
always relative to their native and ſpecific charac- 
ter; inſomuch that in ſtones it forms ſpar, and in 
flints chryſtal, and there are as many different kinds 
of this juice, as there are different matters which 
produce them, and from which they proceed, Ex- 
perience perfectly agrees with what we relate ; we 
mall always find that the water which runs in gut- 
ters in Rone quarries, generally form ſoft and cal- 
Cin: 
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cinable ſtones, as the ſeſtones are; that on the contrary, 
thoſe which ſpring from rock and flint, form hard 
and vitrfiable congelations, which have all the 
other properties of flint, as the firſt have all thoſe 
af ſtone, and the waters which have penetrated 
the beds of mineral and metallic matters, afford 
room for the production of pyrites, marcaſites, and 
rains. | Ni | 
, We have obſerved, that we might divide all 
matters into two great claſſes, and two peneral 
characters; ſome vitrifiable and others calcinable; 
argilaceous earth and flint; marle and ſtone may 
be looked upon as the- two extremes of each of 
theſe claſſes, the intervals of which are filled with 
the almoſt infinite variety of the mixt matters which 
have always one or the other of theſe matters for 

their baſe, | 
The matters of the firſt claſs can never acquire 
the nature and properties of that of the other ; the 
ſtone it may be ſuppoſed, will always; be as remote 
from the nature of flint, as potters-parth, is from 
marle ; no known agent will be even, capable of 
making them quit the circle of combinations pro- 
per for their nature: the country here there is 
only marble and ſtone, as certainly as thoſe where- 
in there is only gie's, flint and rock, vill yever be 

ſtone or marble, i 387 30+ 
It we oblerve the order and diſtributien of mat- 
ters in a hill compoſed of vitrifiable matters, as 
we have done in a hill compoſed of calcinable mat- 
ters, we ſhall commonly find under the firſt bed of 
vegetable earth, a bed of clay or potters earth, a 
vitrifiable matter, analogous to fiint, and which as 
I have obſerved is only decompoſed vitrifiable ſand; 
this bcc of argilaceous earth or ſand anſwers to a 
bed of grayel which is met with in hills compoſed 
of calcinable matters; after this ſtrata of argilace- 
| ous 
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ous earth and ſand, we meet with ſome beds of pres, 
which moſt often are no more than fix inches thick 
and divided into ſmall pieces by an infinity of per- 
endicular clefts, like the rough pieces of the third 
bed of the hill compoſed of calcinable matters. 
Under this bed of gres, we meet with many others 
of the ſame matter, and alfo beds of vitrifiable and 
the gres becomes harder and is found in ſome beds in 
larger blocks in proportion as we deſcend ; under- 
neath theſe beds of gres we meet with a very hard 
matter which I have called {ive rock or flint in 
large maſſes, it is a very hard denſe matter, which 
reſiſts the file, graver and acid ſpirits much more 
than vitrifiable Gd, and even powdered glaſs on 
which aqua-fortis ſeems to have ſome effect. This 
matter ſtruck by another hard body emits ſparks, 
and exhales a very penetrating ſmell of ſulphur. 
This matter, I have thought proper to call maſſy 
flint, is generally ſtratified, or other beds of potters 
earth, coals, vitrifiable ſand, &c. of a very great 
thickneſs ; and theſe beds of flint anſwer to the 
ſtrata of hard matter and marbles, which ſerve as a 
baſe to hills compoſed of calcinable matters, 

Water by flowing through perpendicular clefts, 
and by penetrating the ſtrata of theſe vitrifiable 
fands, gres, argilaceous earth, loads itſelf with the 
fineſt and moſt homogenous parts of theſe matters, 
and forms many different connections, ſuch as 
talcs, amianthus's, and many other productions of 
theſe ſtillations of vitrifiable matters, as we ſhall ex- 
plain in our diſcourſe on minerals, 

Flint, notwithſtanding its extreme hardneſs and 
great denſity, has alſo, like common marble and 
like hard ſtone, its exudations, from whence ſta- 
lactites of different kinds reſult, whoſe varieties of 

tranſparency, colours and configuration, are relative 
to the different nature of the flint which produce 


them 
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and participate alſo of the different metallic or heter- 
rogenous matters which it contains; rock chryſtal, all 
precious, white or coloured ſtones and even diamond, 
may be regarded as ſtalactites of this kind, Flints 
in ſmall pieces, whoſe ſtrata are generally concen- 
tric, are alſo ſtalactites, and paraſite flinty ſtone in 
large pieces and moſt fine opaque ſtones are only 
kinds of flint; matters of a vitrifiable kind, pro- 
duce, as we obſerved, as great variety of concre- 
tions as thoſe of the calcinable claſs, and theſe con- 
cretions produced by flints, are almoſt all hard and 
precious ſtones; whereas thoſe of the calcinable ſtone 
are only ſoft matters of no value. | 

Perpendicular clefts are found in the rocks and 
beds of flint in a large maſs, as well as in beds 
of marble and hard ſtone, they are ſometimes even 
larger there, which proves that this matter aſſumin 
a body, is ſtill dryer than ſtone: but theſe hills, the 
ſtrata of which we have taken notice of, of cal- 
cinable and vitrifiable matters are ſupported by clay 
or vitrifiable ſand, which are the common and ge- 
neral matters of which the globe is compoſed, and 
which I look on as the lighteſt parts, like the ſeoria 
of vitrified matter which it is internally filled with, 
thus all mountains or plains have argilaceous earth 
or ſand for their commou ſand, For example, we 
fee pits at Amſterdam and Marly de Ville, which 
are always found at the bottom of vitrifiable ſand, 
have related other examples thereon in my diſcourſe 
on minerals. 

In moſt naked rocks it is obſervable, that the 
ſides of the perpendicular clefts, correſpond as exact- 
9 as thoſe of a piece of ſlit wood, and this corre- 
pondence is found as well in narrow cleſts as in the 
broad. In large quarries in Arabia, which are almoſt 
always compoſed of granite, theſe clefts or perpendi- 
cular ſeparations, are very ſenſible and frequent, 


and 
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and although there are ſome, which ar twenty or 

thirty ells wide, nevertheleſs the ridges exactly cor- 

reſpond and leave a deep cavity between them. 
See Shaw's Travels, vol. II. p. 83. It is very com- 
mon to find in perpendicular clefts ſhells broken in 
half, in a manner that each piece remains faſtened 
to the ſtone on each fide of the cleft; which ſhews 
that theſe clefts were placed in the ſolid part of the 
horizontal ſtratum, when it was whole, and before 
the cleft was made. See Woodward, p. 298. 

There are certain matters in which the perpendi- 
cular clefts are very wide, as in the quarries quo - 
ted by Shaw; which, perhaps is the reaſon that 
they are not fo frequently met with in the quarries 
of rock and granite, the ſtone may be cut out in 
large pieces; we know of ſome, as the great obeliſks 
_ pillars ſeen at Rome in divers parts, which are 
upwards of fixty, eighty, an hundred or one hun- 
dred feet long; theſe enormous blocks are all of one 
continued piece. It appears that theſe maſſes of 
granite have been worked in the quarry, and that 
any deſired thickneſs had been given to them, near- 
ly as we ſee that in the quarries of gres or free 

one, which are ſomewhat deep: blocks of any fize 
are to be cut out. There are often other matters 
where theſe perpendicular ſtrata are very narrow; 
for example, in clay, marle, and chalk; they are 
on the contrary, wider in marble and moſt hard 
ſtones. There are ſome which are imperceptible 
and filled with a matter nearly fimilar to that of 
the maſs in which they are found, and which never- 
theleſs break off the continuity of the ſtone ; this is 
what workmen call parts or hairs, when a great 
piece of ſtone is hewn and reduced to a ſlight ſize, 
as half a foot, the ſtone breaks in the JireRion of 
this matter. In marble, I have remarked often, 
that in marble and ſtone, that the hairs croſs or 
bloc 
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blocks entirely, ſo that they differ from particu- 
lar ftrata, only becauſe there is no total folution 
of continuity: theſe kind of clefts are filled with 
a tranſparent matter, which is no other than true 
ſpar. There is great number of confiderable 
elefts between the different rocks which compoſe 
quarries of gres, this proceeds from theſe rocks 
often reſting on leſs ſolid baſes than marble or 
calcinable ſtones, which generally reſt on clay; 
whereas gres are very often only ſupported by 
extremely fine ſand, There are alſo many places 
where gres in large pieces are met with: and in 
moſt quarries where good gres is hewn, we may 
remark that it is in cubes and parallelepipedes 
placed on each other in a very irregular manner, 
as in the hills of Fontainbleau, which at a dif- 
tance appear to be the ruins of buildings. This 
irregular diſpoſition proceeds from the baſe of 
theſe hills being compoſed of ſand, and that 
theſe maſſes of gres are moved, overthrown and 
ſunk one on the other, particularly in places that 
formerly have been worked for the hewing of 
pres, which has formed a great number of clefts 
and intervals between the blocks ; and if we would 
pay attention thereto, we may obſerve in every 
part compoſed of ſand and gres, that there are 
pieces of rock and large ſtones in the middle of 
vallies and plains in very great quantity; where- 
as in a country of marble and hard ſtone, theſe 
ſcattered pieces which have rolled from the top of 
hills and mountains, are very ſcarce, which proceeds 
only from the different ſolidity of the baſe on which 
theſe ſtones reſt and from the extent of the banks 
of marble and, calcinable ſtone, which is more 
conſiderable than that of gres. 


You, VI. Cc CHAP. 
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ARTICLE XVII. 


Of the Effect of Rain, Bogs, ſubterraneous Wed, Va- 
x ter, c. g 


WE have already obſerved, that the rain and 
the running waters they produce, continual- 

ly detach from the tops of mountains, ſand, earth, 
avel, &c. which they carry with them into plains, 
— whence the rivers and floods convey a part 
of them into lower plains and often as far as the 
ſea, Plains therefore are ſucceflively filled and by 
degrees raiſed higher, while mountains daily dimi- 
nit, and continually grow lower, and this fink- 
ing is perceptible in many places. Joſeph Blanca- 
nus relates circumſtances on this ſubject, which were 
of public notoriety in his time, and which proves 
that mountains have been lowered ſo much that vil- 
lages and caſtles are to be ſeen in many places where 
there were none formerly. In the County of 
Derby in England, the ſteeple of the village Craih, 
was not viſible in 1572, from a certain mountain, 
on account of the height of another mountain 
which intervened, and which extended into Hopton 
and Wirkworth and about eighty or an hundred years 
after this ſteeple and even part of the church be- 
came viſible, Doctor Plot gives us a fimilar ex- 
ample of a mountain between Sibbertoft and Aſh- 
by in Northamptonſhire, The water not only 
carried with it the lighteſt part of the mountains, 
as earth, gravel and ſmall ſtones, but they even 
rolled down large rocks, which confiderably di- 
miniſhed the height of them. The mountains of 
Wales are very ſteep and high, and the chip- 


gs 
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pings (if we may be allowed that term) of theſe 
rocks are to be ſeen in large pieces at their feet. 
It is the froſt and the water which divides and 
carries them off. It is not alone theſe mountains 
of ſand and earth which the rain cauſes to fink, 
as has been obſerved, they attack the hardeſt rocks, 
and carry with them fragments into the vallies. 
It happened in the valley of Nantphrancon in 168, 
that a part of a large rock, which reſted only on 
a narrow baſe, having been undermined by the 
waters, fell, and broke in many pieces with more 
than a million of other ſtones, the largeſt of which 
in deſcending tore up a conſiderable trench as far 
as the plain, where it continued to make its way 
into a ſmall meadow and croſſed a ſmall river, 
where it ſtopped. It is to accidents fimilar to theſe 
that we muſt attribute the origin of all the large 
ſtones found here and there adjacent to the moun- 
rains. We muſt recollect, on this obſervation, 


what we have before obſerved in the preceding ar- 


ticle, viz. that theſe rocks and large ſtones ſcatter- 
ed abroad, are much more common. in countries 
whoſe mountains are compoſed of ſand and gres, 
than in thoſe. where their compoſition 1s marble 
and clay, becauſe the ſand which ſerves as a baſe 
to the rock, is a leſs ſolid foundetion than clay. 
To give an idea of the quantity of earth which 
the rain detaches from the mountains and carries 
along with it into the vallies; we can quote a Cit» 
cumſtance related by Dr. Plot: he ſays, in bis na- 
tural hiſtory of Staffordſhire, that eig teen feet deep 
inthe earth, a great number of pieces of moncy{coined 
in the reign of Fdward V. has bean found i. e. two 


hundred years before his time, fo that this ground, 


which is boggy, has increaſed above a foot in eleven 
years, or an inch and a twelfth every year. We 
can ſtill make a fimilar obſervation on trees buried 

ab 
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at ſeventeen feet depth, below which medals of Ju- 
lius Cælar has been found; fo the earth brought 
from the top of mountains into plains by running 
waters, ceaſe not from very conſiderably increaſing, 
the elcvation of the ground of plains. 

This gravel, ſand, and earth which the waters 
detaches from mountains and carries with them into 
plains, form ſtrata there, which muſt not be con- 
founded with the antient and original ſtrata of the 
carth. In the claſs of theſe new ſtrata muſt 
be placed, thoſe of ſoft ſtone, gravel and ſand, 
the grains of which are waſhed and rounded ; to 
this claſs muſt alſo be referred the ſtrata of ſtones 
which are formed by a kind of depoſit and incruſ- 
tation ; all theſe ftrata do not owe their origin to 
the motion and ſediments of the ſea. In theſe 
gravelly and ſoft and imperfect ſtones are found an 
infinity of vegetable leaves, terreſtrial and fluviatile 
ſhells, ſmall bones of terreſtrial animals, but never 
ſea ſhells or other marine productions ; which evi- 
dently proves as well as their flight folidity, that 
theſe ſtrata 'are formed on the ſurface of the dry 
land, and that they are much more modern than 
the marble and other ſtones which contain ſhells 
and which were formerly formed in the ſea. Gravel 
and all theſe modern ſtones appear to be hard. 
and ſolid when they are hewn our, but when they 
are worked, we find that the air and rain preſently 
diſſolve them: their ſubſtance is even ſo different 
trom true ſtone, that when they are reduced into 
minute parts, and {and attempted to be made from 
them, they preſently are converted into a kind 
of earth or clay. Statactites and other ſtony con- 
cretions, which Tournctort takes for vegeratec 
marble, are not real ſtones, no more than 
thoſe formed by incruſtations. We have already 
Shewn that eravel is not of ancient formation and 
. that 
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that it muſt not be ranked among the claſs of 
ſtones. Turf is an imperfect matter, which de- 
rives its origin from both by the means of rain 
water, as the ſtrong incruſtations derive theirs from 
the depoſit of the water of certain ſprings ; there- 
fore the ſtrata of theſe matters are not ancient 
and have not been formed like the reſt, by the 
ſediment of the ſea. The ſtrata of turf muſt be 
likewiſe regarded as modern ſtrata which have been 
produced by the ſucceffive aſſemblage. of leaves 
and other periſhable vegetables, and which are on- 
ly preſerved by falling into bituminous earth, 
which has prevented them from being entirely-cor- 
rupted. Among theſe modern ſtrata of gravel; we 
never meet with, either ſoft ſtone or ſtone formed 
by the depoſit, either of turf. or any marine pro- 
duction; but, on the . contrary, we meet with 
many vegetables, bones of land. animals, fluviatile 
and terreſtrial ſhells, as may be ſeen in the mea- 
dows of the county of Northampton near Aſhby, 
where a great number of ſnail ſhells, with plants, 
herbs and many fluviatile ſhells, are found, all in 
good prelervation, ſome feet deep in the earth, 
but never any marine ſhells. See Philoſoph. Tranſ. 
Abridg. II. p. 271. | 

The water which runs on the ſurface of- the 
earth, have formed all theſe new ſtrata, by often 
changing ſituation and diſperſing themſelves on 
every fide : a part of theſe waters penetrate in- 
ternally and flow acroſs the clefts of rocks and 
ſtone ; and the reaſon we meet with no water in 
high lands, no more than on the tops of hills, is 
becauſe, all elevations of land are generally com- 
poſed of ſtone and rocks, eſpecially towards the 
ſummit, to find water, we dig into the ſtone and 
rock till we come to the baſe, i. e. to the clay or 
urm earth on which theſe rocks reſt, and we ſhall 


nor 
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not meet with any water untill the thickneſs of the 
ſtone is pierced to the bottom, as I have obſerv- 
ed in many pit dug in high places, and when 
the height of rocks, i. e. the thickneſs of the ſtone, 
which muſt be pierced, is very conſiderable, as in 
lofty mountains, where the rocks are upwards of an 
hundred feet in height, it is impoſſible to dig pits 
or wells or to have any water. There are even 
large parts of laad and water abſolutely deficient; 
as in Arabia Petrea, which is a deſert where no 
rain ever falls, where the ſcorching ſand covers 
the whole land, where there 1s no vegetable earth, 
where the few plants found there, languiſh, and 
where ſprings and wells are ſo very ſcarce, that 
only five is reckoned between Cairo to mount 
Sina, and the water is brackiſh. | Fa 
When the waters on the ſurface of the earth, - 
cannot find vent to flow, they form morafles and 
; the moſt famous moraſſes in Europe, are 
thoſe of Muſcovy at the ſource of Tanais, thoſe of 
Finland, where the great moraſſes of Savolax and 
Enaſak are; there are alſo ſome in Holland, Weft- 
Phalia, and many other low countries; in Aſia, 
the moraſſes of the Euphratus, thoſe of Tartary, 
and the Palus Meotidis : neverthelets, in general 
there are fewer of them in Afia and Africa than in 
Europe; but America may be ſaid to be but one 
continued morafs, throughout all its plains.; this 
reat number of moraſſes is a proof of the modern 
dare of the country, and of the ſmall number of 
inhabitants, and ſtill more of their want of induſtry. 
There are very great bogs in England near the 
fea in Lincolnſhire, which has lott much ground 
on one-fide, and gained it on the other. In the 
ancient ground a great quantity of trees are found 
which are buried there below the modern ground 
by the water; the ſame likeiviſc are met with in 
Scot- 
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Scotland, at the mouth of the river Neſs. Near 
Bruges in Flanders, by digging to the depth of 
40 or 50 feet, we find a. great quantity of trees as 
cloſe to each other as in a foreſt, the trunks, 
branches, and leaves are ſo well preſerved that. the 
different kinds are eaſily Aiſtinguithable ; 500 years 
are paſſed fince this land where the trees are found 
was covered by the fea, and before this time, 
there is no trace of memory or tradition that this 
land ever exiſted ; nevertheleſs, it is neceſlary, 
for this formerly to have been ſo, when 
theſe trees ſtood and vegetated, therefore the 
ground which formerly was covered with wood, 
has afterwards been ſubmerged by the ſea, which 
has brought thither 40 or 50 feet thickneſs of 
earth, which water has afterwards retired and left 
the earth behind. A great number of ſubterrane- 
ous trees has been alſo found at Youle in York- 
ſhire, twelve miles below the town, in the river 
Humber, there are ſome large enough for build- 
ing; and it ſaid, perhaps improperly, that this 
wood is as durable and as ſerviceable as oak, 
it is cut into ſmall ſticks and chips, which are 
ſold in the neighbouring towns for pipe lights. 
All theſe trees appear broken, and the trunks are 
ſeperated from the roots, like trees which the vio- 
lence of an hurricane, or an inundation has bro- 
ken and carried away: this wood greatly reſembles 
willow, it has the ſame ſmell when burnt, and 
makes charcoal exactly like it. See Philoſophical 
Tranſactions. No. 228, In the iſle of Man, there 
is a moraſs fix miles long by three broad, it is 
called Curragh, ſubterraneous trees like willows 
are found there, and although they are 18 or 20 
feet high, they are nevertheleſs firm on their roots. 
See Ray's Diſcourſes page 232. Trees are met 
with almoſt in every morals, in bogs, and in moſt 
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marſhy places; in the counties of Somerſet, Cheſ- 
ter, Lancaſter, and Stafford, there are ſome pla- 
ces where trees are found under the earth, which 
have been cut, ſawed, ſquared, and worked by 
the labour of man; wedges and ſaws have likewiſe 
been found, and betwixt Birmingham and Brum- 
ley in the county of Lincolnſhire, there are lofty 
hills of fine light ſand, which the rain and wind 
ſweep away, leaving uncovered the roots of large 
willow trees, where the impreſſion of the ax ap- 
pears to be as freſh as if juſt done. Theſe hills 
without doubt are formed like downs, by the maſs 
of ſand which the ſea has brought thither, ac- 
cumulated together, and on which theſe willows 
might have grown; they have afterwards been 
again covered by other ſands, which have been 
brought thither like the firſt, by an inundatiqn or 
violent winds, A great number of theſe ſubter- 
raneous trees are alſo found in the marſhy lands 
of Holland, Frieſland, and near Groningen, from 


whence the turfs which they burn are dug. 


In the earth are found an infinite number of 
large and ſmall trees of every kind, as willows, 
oaks, firs, aſpins, &c, in the moraſs of Lincoln, 
along the river Ouſe, and in the county of Vork, 
in Hatfield Chace, theſe trees are ſtrait and plant- 
ed as we ſee them in a foreſt, The oaks are ver 
hard and uſed in buildings, where they laſt a long 
time (a) the ath are tender and crumble to duſt, as 
well as the willows : ſome are found which have been 
curved and faſhioned, others bored with broken 


fa) I muſt doubt the authenticity of this circumſtance, all 
trees that are dug out of the earth, at leaſt, all thoſe which 
J have ſeen, whether oak, or others, loſs in drying all 
all the ſolidity which they appeared to have at fieſt and ought 
never to be uſed in buildings. | 
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wedges found therein, and hatchets whoſe forms re- 
ſembled the knives uſed in ſacrifices, nuts, almonds, 
&c. in great quantities. Many other fenny parts 
of England and Ireland are filled with trunks of 
trees, as well as the moraſſes of France, Sweden, 
Savoy, and Italy. See Tranſactions Philoſophical 
Abridg. Vol. IV. page 218, &c. 

In the city of Modena and four miles round, 
whatever part is dug, when we reach the depth of 
fixty-three feet, and bored five feet deeper with 
an auger, the water ſprings out with ſuch great 
force, that the well is filled in a very ſhort ſpace of 
time, this water flows continually, and neither di- 
miniſhes nor increaſes by the rain or drought : 
what is remarkable in this ground, is, that when 
we reach the depth of fourteen feet, we find pave- 
ments, and other ruins of an ancient town, as boards, 
houſes, different pieces of moſaic work, &c. after 
which we find a very ſolid ground, which is thought 
to have never been ſtitred, yer below it we find a 
moiſt earth mixed with vegetables, and at twenty-ſix 
feet are entire trees, as nut-trees with nuts thereon, 
and à great quantity of branches and leaves of trees; 
at twenty-eight feet depth we meet with a friable 
chalk mixed with many ſhells, and this bed is ele- 
yen feet in thickneſs, after which we again meet 
with vegetables; and ſo on alternatively chalk 
and earth mixed with vegetables, to the depth of 
ſixty-three feet, at which depth is a bed of ſand 
mixed with ſome gravel and ſhells, like thoſe formed 
on the coaſts of the Italian ſea ; theſe ſucceſſive beds 
of fenny or marſhy earth and chalk, are always 
met with in the ſame order, whereſoever we dig, 
and very often the auger meets with large trunks 
of trees, Which it bores through, and which occa- 
ſions great trouble to the . Tx : bones, coals, 


flint, and pieces of iron are alſo found. Ramazzini, 
Vol: VI. D d who 
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who relates theſe circumſtances, thinks that the 
gulph of Venice formerly extended as far even be- 
yond Modena, and tha by courſe of time, and 
perhaps by the inundations of the ſea, this ground 
has been formed, 

I thall no longer dwell on the varieties which 
theſe ſtrata of modern formation preſent, it ſuffices 
to have ſhewn that they have no other canſes than 
the current and ſtagnant waters, which are at the 
ſurface of the earth, and that they are never fo 


hard nor ſolid as the ancient ſtrata which are found 
under the waters of the ſea. 
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ARTICLE XIX. 


Of the mutations of Land into Sea and Sea into 
Land. 


BY. what has been ſaid in the articles i, vii, viii, and 

ix, it appears that great mutations have happe- 
ned to the rerreftrial globe, which may be looked 
upon as general; and it is certain by what we have 
related in other articles, that the ſurface of the 
earth has uadergone particular alterations, although 
the order or rather the ſucceiiion, of theſe particular 
alterations or changings are not perfectly known 
to us, however, we are acquainted with the principal 
cauſes, and are even in a ſtate of diſtinguithing their 
different effects; and if we could collect all the cir- 
cumſtances which Natural and Civil Hiſtory fur- 
niſn us with on the ſubject of the revolutions 
which have happened to the ſurface of the earth, 
we do not doubt but that the theory of the earth 
which we have laid down would become much more 
plauſible. 

One of the principal cauſes of the alteration 
which are happened on the earth, is the motion of 
the ſea, a motion it has endured from the earlieft 
ages of the world; for ſince the creation there has 
been the ſun, land, water, air, &c. hence the 
flux and reflux, the motion from eaſt to weſt, and the 
motion of the winds and currents are felt; the wa- 
ters ſince then have had the fame motions as we at 
preſent remark in the ſea; and if even we 
ſhould ſuppoſe that the motion of the globe has had 
another inclination, and that the terreſtrial conti- 
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hents as well as theſea, has had another diſpoſition, 

it does not deſtroy the motion of flux and reflux, 
no more than the cauſe and effects of the winds : 
it is ſufficieat that the immenſe quantity of water, 
which fills the vaſt ſpace of the ſea, is found in 
tome part on the globe of the earth,and that the flux 
and reflux and other motions of the ſea haye been 
produced. 

When we have once began to ſuppoſe that for- 
merly our continent was the bottom of a ſea, we 
thall ſoon have no doubt remaining thereon ; on 
one fide, thoſe devaſtations of the ſea, which is 
every where to be met with ; on the other, the 
horizontal ſituation of the ſtrata of the earth ; and 
laſtly, that diſpoſition of hills and mountains which 
correſpond with each other, appear as ſo many con- 
vincing proofs thereof : for by conſidering the 
plains, vallies, and hills, we clearly perceive that 
the ſurſace of the earth has been formed by the 
waters; by examining the internal parts of ſhells 
which are incloſed in ſtones, we evidently diſcover 
that theſe ſtones are formed by the ſediments of 
the waters, ſince ſhells are found filled with the ſame 
matter as the ſtones which ſurround them, and laſt- 
iy, by reflecting on the form of hills whoſe ſaillant 
angles always correſpond to the returning angles of 
oppoſite hills, we cannot doubt but that this direc- 
tion is the work of the currents of the ſea ; in fact, 
{ince our continent has been diſcovered, the form 
has been ſomewhat changed, the mountains have 
diminiſhed in height, the plains are grown higher, 
the angles of hills become more obtuſe, many mat- 
ters waſhed away by floods or rivers have taken a 
round ſhape, beds of gravel, ſoit ſtone, &c. have 
been formed; but the eſſential matter is ſtill re- 
maining, the ancient form is ſtill apparent, and Iam 
perſuaded that all the world may be . by 

their 
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their own inſpection of what we have advanced on 
this ſubject; and whoſoever follows our obſervations 
and proofs, will not doubt but that the earth was 
formerly covered by the waters of the ſea, and that 
it is the currents of the ſea which has given to the 
| ſurface of the earth, the form we at preſent ſee it 
in. 

The principal motion of the waters of the ſea, 
is, as we have ſaid, from eaſt to weſt; it alſo ap- 
pears to us that the ſea has gained above 500 lea- 
gues of ground on the eaftern fide, as well of the 
old as the new continent: we muft recollect the 
proofs we have given in the eleventh article, and 
we may add thereto, that all the ftraits which join 
the ſe, are directed from eaſt to weft, the ſtrait of 
Magellan, the two ftrairs of Forbiſher's, that of 
Hudſon, the ſtrait of the iſland of Ceylon, thoſe of 
the ſea of Corea and Kamtſchatka have all this 
direction, and appear to have been formed by the 
direction of the waters, which being impelled from 
eaſt to weſt, opened theſe paſlages in the ſame di- 
rection, and in which they undergo alſo a more conſi- 
derable motion than in all the other directions; for 
in theſe ſtraits there are very violent tides, whereas 
in thoſe which are fituated on .the weſtern coaſts, 
like that of Gibralter, Sund, &c. the motion of 
the tides is almoſt inſenſible. 

The inequalities of the bottom of the ſea change 
the direction of the waters motion, and have been 
ſucceſſively produced by the ſediment of the water, 
and by the matters which they have tranſported, 
either by its motion of flux and reflux, or by other 
motions; for we do not aſcribe the motion of flux 
and reflux for the ſole cauſe of thoſe inequalities, 
we have only given this cauſe as the principal and 
firſt, becauſe it is the moſt conſtant and acts with- 
out interruption; but we muſt alſo admit the action 

WE > of 


of the winds as a cauſe, they even act at the ſur- 
face of the water with quite another violence than 
the tides,and the agitations which they communicate 
to the ſea is much more confiderable for the ex- 
ternal effects, it extends even to confiderable depths, 
as we ſee by the matters, which are looſened, by a 
ftorm, from the bottom of the ſea, and which are 
almoſt never thrown on ſhores but in tempeſtuous 
weather. 

We have already mentioned that between the 
tropics, and even ſome degrees beyond them, an 
eaſt wind continually blows ; this wind which con- 
tributes to the general motion of the ſea from eaſt 
to weſt, 1s as ancient as the flux and reflux, fince 
it depends on the courſe of the ſun, and the rare- 
faction of the air, produced by the heat of this 
planet. Here then are two united cauſes of mo- 
tion, which are greater under the equator than elſe- 
where. The firſt, the flux and reflux, which as is 
well known, is more ſenfibly felt in ſouthern clima- 
tes : and the ſecond, the eaft wind which blows, 
continually in the ſame climates : theſe two cauſes 
have concurred ever ſince the formation of the globe 
to produce the ſame effects, that is ſay, to cauſe 
the waters to move from eaſt to weſt, and to agitate 
them more in that part of the world than in all the 
reſt ; it is for this reaſon that the greateſt inequali- 
ties of the ſurface of the globe are found between 
the tropics. The part of Africa comprehended be- 

tween theſe two circles, is, as I may fay, only a 
group of mountains whoſe different chains extend 
tor the moſt part from eaſt to weſt, as we may be 
aſſured of by confidering the dire ion of the greateſt 
rivers of this part of Africa; it is the ſame with the 
part of Aſia and that of America which are com- 
priſed between the tropics and we muſt judge of 


S 
the inequality and ſurface of theſe climates by the 
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quantity of high mountains and iſlands met with in 
that part of the globe. . 

From the combination of the general motion of 
the ſea from eaſt to weſt, of that of the flux and 
reflux, of that produced by the currents, and like- 
wiſe that which forms the winds, an infinite num- 
ber of different effects has reſulted, as well on the 
bottom of the ſea, as on the coaſts and continents. 
Varenius ſays, that it is very probable that the 
gulphs and ſtraits have been formed by the reitera- 
ted effort of the ocean againſt the land: that the 
Mediterranean ſea, the gulphs of Arabia, Bengal, 
and Cambay have been formed by the irruption of 
the waters, as well as the ſtraits between Sicily and 
Italy, between Ceylon and the Indus, between 
Greece and Eubea, and that it is the ſame with 
reſpect to the ſtrait of the Manillas, that of Ma- 
gellan, and that of Denmark ; that one proof of the 
irruption of the oceans on the continents, that one 
proof that it has forſaken different countries, is, that 
but few iſlands are to be met with in the great ſeas, 
andnevera great number of iſlands cloſetoeach other; 
that in the immenſe ſpace occupied by the Pacific ſea, 
not above two or three ſmall iſlands are to be found 
towards the middle of it; that in the vaſt Atlantic 
ocean between Africa and the Brazils, we only find 
the ſmall iſlands of St. Helena and Aſcenfion ; but 
that all iflands are near the great continents, as 
the iſlands of the Archipelago near the continents 
of Europe and Aſia, the Canaries near Africa, all 
the iſlands of the Indian ſea near the Oriental coaſt, 
the Antille iſlands near that of America, and that 
there are only the Acoras which have any great pro- 
jection 1nto the ſea between Europe and America. 

The inhabitants of Ceylon ſay, that their iſland 
was almoſt ſeperated from the peninſula of the Indus 
by an irruption of the ocean, and this popular tra- 


dition 
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dition is very probable; it is alſo imagined that the 
iſland Sumatra has been ſeperated from Malayo, 
the great number of ſhoals and fand banks are a 
ſtrong proof of it! The Malabars aſſure us; that 
the Maldivian iſlands formed a part of the continent 
and in general it may be reaſonably ſuppoſed that 
all the eaſtern iſlands have been divided from Va- 
the continents by an irruption of the ocean. See 
renius Geography, page 203, 217, and 220. 

There is an appearance that formerly the iſland 
of Great Britain formed a part of the continent, 
and that England was joined to France; the beds 
of earth and ftone, which are alike on both fide 
of the paſſage between Calais and Dover, and the 
little depth of this ſtrait ſeem to indicate it: by 
ſuppoſing, ſays Dr. Wallis, © as every thing ap- 
' pears to indicate, that England formerly commu- 
nicated with France by an iſthmus below Dover and 
Calais; the ſeas drove againſt the coaſts of this 
iſthmus by an impetuous flux twice in twenty-four 
hours, the German ocean, which is between Eng- 
land and Holland, ſtruck this iſthmus on the eaſtern 
fide and that of France on the weſt, is ſufficient 
in time to wear away and deſtroy a neck of nar- 

row land, ſuch as we ſuppoſe this iſthmus formerl 
to have been; the flux of the ſea of France acting with 
great violence, not only againſt, but alſo againſt the 
coaſts of France and England, muſt conſequently 

by the motion of the waters, have waſhed awa 
a great quantity of ſand, earth, and mud, from 
every part againſt which the ſea ſtruck : but, be- 
ing ſtopt in its courſe by this iſthmus, it muſt not 
have depoſited, as might be ſuppoſed, ſediments 
againſt the iſthmus, but tranſported them into the 
great plain which actually forms Romney marth, 
which is fourteen miles long by eight broad ; for 
whoſoever has ſeen this plain, cannot doubt but that 
it 
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The German ſea muſt have acted in the ſame 
manner againft the iſthmus; and the coaſts of Eng- 
land and Flanders, and will have conveyed away 
the ſediment into Holland and Zeland, the ground 
of which that was formerly covered with water, is 
riſen above forty feet; on the other fide, on the 
coaſt of England, the German ſea muſt have filled 
up this large valley where the river Stour actuall 
flows, for more than 20 miles, to begin at Sand- 
wich Canterbury, Chatham, Chilham as far as 
Aſhford, and perhaps farther : the ground is actually 
much higher than it was formerly, ſince at Chatham 
the bones of an Hippopotamus was found ſeventeen 
feet deep in the earth, together with anchors and 
marine thells. | | 

Now it is very probable the fea may form new 
ground, by bringing to it ſand, earth, mud, &«c. 
for we have ocular proof in the iſland of Orkney, 
which is adjacent to Romney Marth, there was a 
tract of low land, which was continually in danger 
of being inundated by the river Rother; but in 
leſs than fixty years the ground has confiderably 
riſen, by a great quantity of earth and mud being 
brought thither at each flux and reflux, and at the 
fame time ir has fo greatly hollowed the canal 
through which it enters, that in leſs than fifty years 
the depth of this canal is become big enough to 
admit of the reception of large veſſels, whereas be- 
fore it was a ford over which people might paſs. 

The ſame thing happened near the coaſt of 

Norfolk, and it is in this manner that the fſard 
is formed which extends obliquely from the coaſt of 
Norfolk towards the coaſt of Zeland : this bank 
forms that part where the tides of the German and 
French ſea meet, fince the iſthmus has been broken, 
and where the earth and ſand are depofited which 
are waſhed away from the coaſts : it is not certain 

Vor. VI. E e Whether 
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whether this ſand bank will not form a new iſthmus, 
&c. See Abridgement of Philoſophical J ranſac- 
tions, Vol. II. page 227. | 

There is a great appearance (lays Ray) that the 
iſland * of Great Britain was formerly joined to 
France, and formed part of chat continent; it is not 
known whether it was cauſed by an ear hquake, an 
irruption of the ocean, or by the labour of man, 
for the utility and convenience of paſlage, or from 
other cauſes; but what ſtill further proves that this 
iſland formed part of this continent, is, that the 
rocks and coaſts of both are of the ſame na- 
ture, and compoſed of the ſame matters, to the 
ſame height, inſomuch that along the Dover coaſts 
we meet with the like beds of ſtone and chalk as 
between Calais and Boulogne ; the length of theſe 
rocks along theſe coaſts is nearly the ſame on each 
fide, that is to ſay, about fix miles: the little breadth 
of the canal, which in this part is not more than 
twenty-four Englith miles, and the thallownels of 
it, with reſpe to the neighbouring ſea, gives us 
reaſon to think that England has been divided from 
France, by accident; we may add to theſe proofs, 
that there were formerly wolves and even bears in 
this iſland, and it is not to be preſumed that the 
came there by ſwimming over, nor that men for- 

merly traniported theſe noxious animals; for in ge- 
neral we find theſe animals of the continents in 
all the adjacent iſlands, and never in thoſe which 
are ſeperated from them by a great diſtance, as the 
the Spaniards obſerved when they landed in Ame- 
rica, See Ray's Diſcourſes, page 208. 

In the reign of Henry I. king of England, a 
great inundation happened in part of Flanders: in 
1446 a like irruption deſtoyed . 10,000 perions on 
the territory of Dordrecht, and more than 100.000 
round Dullart, Friezland, and Zeland; and in 

theſe 
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theſe laſt two provinces there were upwards of 2 or 
300 villages ſubmerged, the tops of their towers, 
and the ſteeples of their churches are ſtill to be 
ſeen riſing out of the water. | 

On the coaſts of France, England, Holland, Ger- 
many, and Pruifia, the ſea has retreated in man 
parts. Hubert Thomas relates in his deſcription 
of Liege, that the ſea formerly ſurrounded the 
walls of the town of Tongres, which is more 
than thirty-five leagyes diitane from it, which he 
proves by many eligible reaſons; and among others, 
he ſays, that in his time the iron rings to which 
the thips that came to the place were moored were 
to be ſeen. We may likewiſe look on as countries 
deferred by the ſea, the fens and bogs of Lincoln, 
in England; thote of Provence, in France; and 
even the ſea is very conſiderably retreated at 
the mouth of the Rhone, ſince the year 1665. In 
Italy it has likewiſe formed a confiderable tract 
of ground ar the mouth of the Arne and Ravenna, 
which was formerly a ſea port of the Exarques, is 
no longer a maritime town; all Holland appears to 
be a nzw country, where the ſurface of the earth 
is almoſt on a level with the bottom of the ſea, al- 
though the land is conſiderably riſen, and is ſtill 
riting every day by the mud and earth which the 
Rhine, Maze, &c. bring thither : for formerly it was 
computed that the ground of Holland was in man 
places, fiſty feet lower than the bottom of the ſea. 

It 1s aſſerted that in the year 860, that a furious 
tempeſt, brought towards the coaſt ſo great a quan- 
tity of ſand, that it ſhut up the mouth of the Rhine 
near the Cat, and that this river inundated the 
whole country, tore up trees and houſes, and threw 
itſelf into the bed of the Maze. In 1421, there was 
another inundation which ſeperated the town of 
Dordrecht from the main land, ſubmerged ſeventy- 
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two villages, many caſtles, drowned 100,000 ſouls, . 
and deſtroyed an infinite number of cattle. The 
dyke of Y fel was broken in 1638, by the quantity 
of ice brought down by the Rhine ; which having 
ſhut up the paſſage of the water, made an opening 
of ſome fathoms width in the dike and a part of the 
province was inundated, before the breach could be 
repaired, In 1682 there was a fimilar inundation 
in the province of Zeland, which ſubmerged u 

wards of thirty villages, and cauſed the loſs of an 
infinite number of people and cattle which were 
ſurprized in the night by the waters. It was a for- 
tunate circumſtance for Holland that the ſouth 
wind gained ground on that which was oppoſed to 
it ; for the ſea was ſo greatly ſwelled that the wa- 
ter was eighteen feer higher than the higheſt 
ground of the province, excepting the downs. See 
the Hiſtorical Voyages of Europe, Vol. V. page 
o. 

x At Hithe, in the county of Kent, in England, 
there was a port which fills in ſpite of all the pre- 
cautions taken to prevent it, and in ſpite of the 
expence incurred to empty it; a ſurprizing num- 
ber of ſhells, &c. are found, which are N 
there by the ſea, in extent of ſeveral miles, which 
were formerly heaped together, and which in our 
time have been covered by the mud and earth, on 
which there are actually meadows. On the other 
fide are iſlands which the ſea has covered, as the 
Goodwin Sands, which belonged to an earl of that 
name, and which at preſent are no more than ſand 
covered by the water of the ſea, thus the fea in 
many places gains on the land, and loſes ground 
in others, which depends on the different fituation 
the coaſts and places where the tides ſtop, or the 
waters tranſport from one place to another, earth, 


ſand, 
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ſand, ſhells, &c. See Abridgement Philoſophical 
Tranſactions, Vol. IV. page 234. 

On the mountain of Stella, in Portugal, is a lake 
in which the wrecks of ſhips have been found, not- 
withſtanding this mountain is more than twelve lea- 
gues diſtant from any ſea. See Gordon's Geogra- 
phy, London edition, 1733, page 149. Sabinus 
in his commentaries on Ovid's Metamorphoſes, ſays, 
that by the monuments of hiſtory it appears, thac 
in the year 1460 a whole ſhip with its anchors was 
found in a mine of the Alps. 

It is not only in Europe that we meet with ex- 
amples of theſe viciſſitudes of land into ſea and ſea 
into land; other parts of the world might furniſh 
us, perhaps, with more remarkable and in a greater 
number, if we had obſerved them with precaution. 

Calicut was formerly a famous town, and the capi- 
tal of a kingdom of the ſame name, at preſent it is 
only a large borough, meanly built, and but thinly 
inhabited : the ſea which fince a century has gained 
greatly on this coaſt, has ſubmerged part of the old 
town, with a beautiful fortreſs of ſtone which was 
therein, Veſſels at preſent moor on their ruins, and 
the port is filled with a great number of ſhoals, 
which appear at low water, and on which ſhips ve 
often are wrecked, See Lettres Edifiantes Recueil, 
II. page 187. 

The province of Jucatan, a peninſula in the 
gulph of Mexico, was formerly a part of the ſea, 
this piece of ground extends 100 leagues in length 
from the continent into the ſea, and is no more 
than twenty-five leagues in its greateſt breadth : 


the quality of the air in that part is perfectly hot 
and moiſt : although there is neither rivulets nor 
rivers throughout ſo long a ſpace, the water is every 
where ſo nigh the ſurface that by opening the earth, 
{o great a number of ſhells are found, that this vaſt 


ex- 
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extent may be regarded as a place which formerly 
formed part of the ſea. 

- The inhabitants of Malabar pretend, that for- 
merly the Maldivian iſlands were attached to the 
Indian continent, and that the violence of the ſea 
has divided them, the number of theſe iſlands is 
ſo great, and ſome of the canals which ſeperate 
them are ſo narrow, that the boltſprits of the veſ- 
ſels which paſs through them, tear of the leaves of 
the trees on each fide, and in ſome places an active 
man by holding by the branch of a tree may leap 
into another ifland. See the Dutch Travels to the 
Eaſt Indies, page 274. 

A proof that the continent of Maldivia was for- 
merly dry land, are the cocoa trees which are at 
the bottom of the ſea, cocoa nuts often being 
detached from them and thrown on the ſhore b 
a ſtorm : the Indians ſet great ſtore by them, and 
attribute the fame virtues to them as to the 
bezoar. | 

It is 1magined that this iſland of Ceylon was 
formerly united to the continent and formed a part 
thereof; but, that the currents which are extremel 
rapid in many parts of India, have divided and 
formed an iſland. The ſame ſuppoſition is made 
with reſpect to Rammanokiel and many other 
iſlands. Sce the Dutch Travels to the Eaſt Indies, 
vol, II. p. 483. However, it is certain, that the 
iſland of Ceylon has loſt thirty or forty leagues of 
ground towards the northweſt fide which the tea has 
ſucceſſively gained. ZR 

It appears that the fex has within a ſhort time 
forſaken a great part of the projecting lands and 
American iſlands: we have juſt obſerved that the 
ground of ſucatan is compoſted only of thells, it is 
the ſame with the low lands of Martinico and 
the other Antille iflands. Ihe inhabitants have 


term- 
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termed the bottom of their ground Lime, becauſe 


they make their lime with theſe ſhells, banks of 


which are found immediately under the vegetable 
earth. We may here relate what is {aid in the new 
voyages to the iſlands of America: Lime which 


cc 
cc 
(c 
«c 
vs 
cc 
cc 
cc 
cc 
cc 
cc 
«cc 
«c 
«c 
cc 
«c 
cc 
«cc 
cc 
cc 
«6 
cc 
cc 
cc 
cc 
c 
c c 
cc 
cc 
cc 
cc 


cc 


is found throughout the large land of Guada- 
loupe, when the earth is turned up, is of the 
ſame kind as that which is drawn out of the 
ſea, the reaſon of which is difficult to be aſſign- 
ed. Might it not be poffible that all the extent 
of ground which compoſes this ifland, was in 
former times only a high ground filled with lime 
plants, which having heb grew -and filled 
the void ſpaces which were occupied by the 
water, betwixt them have at length raiſed up 
the ground and obliged the water to retire and 
leave all the ſuperficies dry? This conjecture, 
as extraordinary as at firſt it may appear, has 
nevertheleſs nothing impoſſible in it and will 
even become very probable to thoſe who will 
examine 1t without prejudice ; for, in, ſhort, by 
purſuing the commencement of my ſuppoſition, 
plants having grown and filled all. the ſpaces 
which the water occupied, at length ſuffocated 
each other: the upper parts were reduced to 
powder and earth, birds dropt thereon the ſeeds 
of ſome trees, which germinated and produced 
thoſe which are now to be ſeen there, and na- 
ture germinated others which are not of a com- 
mon {ſpecies to other places,, as the marble and 
violet woods. It would not be unworthy the 
curiofity of people who refide there, to his in 
ſeveral parts of the earth in that country to know 
what the real ſoil is, and to what depth this lime 
ſtone is to be found, in what ſituation it is diffuſed 
under the earth, and other circumſtances which 
might deſtroy or ſtrengthen my conjecture.” 


There 
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There are ſome lands which are ſometimes covet 
ed with water, and ſometimes uncovered, as many 
Hands in Norway, Scotland, Maldivia, the gulph 
of Cambay, &c. The Baltic has by little and little 

ined a great part of Pomerania, and covered 
and deſtroyed the famous port of Vineta; fo like- 
wife the fea of Norway has formed many ſmall 
iſlands and projected into the continent: the Ger- 
man ſea has projected into Holland near Catwyck, 
inſomuch that the ruins of an ancient town of the 
Romans which was formerly on the coaſt, are actu- 
ally very far in the ſea. The marſhy grounds in 
the iſle of Ely in England, are on the contrary, as 
we have obſerved, land which the ſea has aban- 
doned. Downs have been formed by the ſea winds, 
which have thrown and accumulated earth, ſand, 
ſhells, &c. on the ſhore. For example, on the 
weſtern coaſt of France, Spain and Africa, durable 
and violent weſterly winds reign, which impel the 
waters towards the thore with great impetuofity, on 
which downs are formed in ſome places. So like- 
wiſe the eaſterly winds, when they remain any long 
time, ſo ſtrongly drive the waters from the coaſts 
of Syria and Phenicia, that the chain of rocks which 
are covered with the water during the weſterly 
wind, then remain dry: in the whole downs are 
never compoſed of ſtone or marble, like moun- 
tains formed in the bottom of the ſea : becauſe, 
they have not been long enough under the water, 
In our diſcourſe on minerals we have ſhewn, that 
petrification operates at the bottom of the ſea, and 
that the ſtones formed in the earth, are quite diffe- 
rent from thoſe formed in the fea. 

As I was putting my finiſhing ſtroke to this Eſ- 
fay on the Theory of the Earth, which I compoſed 
in 1744, I received from Monfieur Barrere, his 
diſſertation on the origin of figured ſtones, and I. 

was 
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was charmed to find myſelf of the ſame opinion 
with this able naturaliſt, on the ſubject of the for- 
mation of downs and the time which the water 
remained on the earth which we inhabit : he re- 
counts many alterations which have happened to 
the ſea coaſts. Aigues mortes, which is actually 
more than a league and a half from the ſea, was 
formerly a part of it in the time of Saint Louis : 
Pſalmodi was an ifland in 815, and at preſent it is 
inland two leagues from the ſea. It is the ſame with 
reſpect to Maguellona. The greateſt part of the 
vineyard of Agde, was forty years ago covered 
by the ſea : and in Spain, the ſea has conſiderably 
retreated within a ſhort ſpace of time from the 
mouth of the river Vobregat, towards Cape Tortoſa 
along the coaſts of Valentia, &c. 

The ſea can form hills and raiſe mountains, in 
many different manners; at firſt, by the tranſpor- 
tations of earth, mud and ſhells from one place to 
another, either by i its natural motion of flux or re- 
flux, or by the agitation of the water cauſed by rhe 
wind : in the ſecond place, by ſediment and im- 
palpable parts which it will have detached from 
the coaſts and bottom, and which it might have 
| rare ome and depoſited at a conſiderable diſtance, 
and lafily, by the ſhells, mud and earth which the 
ſea winds ofcen drive againſt coaſts, producing downs 
and hills, which the water by degrees forſake, and 
become parts of the continent. We have an ex- 
ample in our downs in Flanders and in thoſe of Hol- 
land, which are only hills compoſed of ſand and 
ſhells, which the ſea winds have driven towards the 
land, Monſieur Barrere quotes another example, 
which appears to me to merit a place in this work. 
The ſea by its motion, detaches from its boſom 
an infinity of plants, ſhells, mud, and ſand, 
« which the waves continually drive towards the 


VOL. VI. F F « ſhore, 


26 NATURAL HISTORY: 


4 


ſhore, and which the impetuous ſea winds further 
c affiſt to impel. Now all theſe different ſtrokes 
« added to the firſt continual increaſe of ground 
e occaſioned by the driving of the ſoil, &c. againſt 

the coaſts, form there many new ſtrata or heaps, 
which can only ſerve to increaſe the bed of earth, 
to raiſe it and form downs, and hills by the 
<* ſand and earth heaped up, &c. In one word, to 
© remove to a greater diſtance the baſon of the ſea 
* and form a new continent.” 

It is vifible that the alluvions and ſucceſſive at- 
teriſments have been formed by the ſame me- 
chaniſm for many centuries, that is to ſay, by the 
«reiterated depoſitions of different matters, I find 
+ proofs thereof in nature herſelf; that is to ſay, in 
the different beds of foſſils, ſhells and other ma- 
rine productions, I obſerved in Rouſlillon near the 
village of Naffrac, about ſeven or eight leagues dif- 
tance from the ſea, theſe beds of ſhells which are 
inclined from the weſt to the eaſt, and in different 
angles, are ſeparated from each other by banks of 
ſand and earth, ſometimes from two to three feet 
in thickneſs; they appear as if ſprinkled with ſalt 
in dry weather, and form together hillocks from 
twenty-five to thirty fathom in height; now a long 
chain of hills, can only be formed long-ways at 
different ſucceſſions of time, which alſo might be 
the effect of the deluge, which muſt have diſturbed 
all nature; but, which nevertheleſs have not given 

a regular form to theſe different beds of foſſil ſhells, 
which muſt have been collected together without 
any order or regularity.” | 

On this ſubje I am of the ſame opinion as M. 
Barrere, only I do not ſpeak of the ateriſments as 
'the only mode in which mountains have been 
formed, and I imagine it may, on the contrary be 
aſſerted, that moſt of the eminences feen on the 
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ſurface of the earth, have been formed in the ſea 
itſelf, and that for many reaſons which have ap- 
eared to me to be convincive : firſt, becauſe that 
. them there is that correſpondence of ſaillant 
and returning angles, which necetlarily ſuppoſes the 
cauſe that we have aſſigned, that is to ſay, the mo- 
tion of the currents of the ſea: ſecondly, becauſe 
the downs and hills which are formed from the 
matter which the ſea brings on its ſhores, are not 
compoſed of marble and hard ſtone, like common 
hills; the ſhells are generally only foffils, where- 
as in other mountains, the petrification is compleat; 
beſides the banks of ſhells and beds of earth, are 
not ſo horizontal in downs as in the hills compoted of 
marble and hard ftone, Theſe banks are more or 
lets inclined there, as in the hills of Naffrac, where- 
as in the hills and mountains which are formed un- 
der the water by the ſediment of the fea, the beds 
are always parallel and very often horizontal, and 
the matters are petrified there as well as ſhells. I 
hope to evince that marble and other calcinable 
matters, which are almoſt all compoſed of madre- 
pores, aftroites and ſhells, have acquired at the 
bottom of the ſea the degree of haidneſs and per- 
fection we ſee them in : on the contrary, gravel, 
ſoft ſtone and all ſtony matters, as incruſtations, 
ſtalactites, &c. which are alſo calcinable and found 
in the earth ſince our continent has been diſcover- 
ed, cannot acquire this degree of hardneſs and 
petrification which marble or hard ſtones have. 

In the hiſtory of the Royal Academy of France 
for 1708, may be ſeen the obſervations of Mon- 
ſteur Saulmon, on the ſubject of the galets found in 
nany places, theſe galets are round and flat flints 
always very ſmooth, and which are driven aſhore 
by the ſea. At Bayeux and Brutel, which is a league 
from the ſea, we find thin ſtone by digging wells 

or 
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or pits. The mountains of Bonneuil, Broĩe and 
Queſney, which are about eighteen leagues from 
the ſca, are all covered with; there are alſo ſome 
in the valley of Clermont in Beauvois. Mon- 
fieur Saulmon likewiſe relates, that a hole fixteen 
leet deep, bored direct and horizontally into the 
each of Treſport, which is all of a ſoft nature 
diſappeared in thirty years; that is to ſay, the ſea 
had undermined the beach to the thickneſs of fix- 
teen feet. By ſuppoſing that it always advanced 
alike, it would undermine 1000 fathoms or half a 
league of unhewn Kone in 12000 years. 

The motions of the ſea are therefore the princi— 
pal cauſes of the alterations which have happened 
and which do happen on the ſurface of the globe; 
but this cauſe is not the only one, there are many 
others which are leſs confiderable that contribute 
tg theic Changes ; running waters, rivers, ftreams, 
the melting of ingw, torrents, froſts, & c. have con- 
niderably changed che furface of the earth; the rain 
has diminiſhed the height of the mountains, rivers 
and rivulets have raiſed plains, rivers have filled 
the flex to their mouths, the melting of ſnow and 
torrents have dug hollows in vallies, the froſts have 
iplit rocks and looſened mountains. We might 


juote an infinity of examples on the different al- 
terations which all theſe cauſes have occaſioned. 
Varenius ſays, that rivers convey into the ſea, a 


Vare 

great quantity of earth, which they depoſit at a 
greater or leſs diſtance from the coaſts, by reaſon 
of their rapidity ; theſe earths fall to the bottom of 
the ſea, at nd form at firſt thoſe ſmall banks which 
are every day in- eating, cauſe ſhoals and at laſt 
form iflands which become fertile and inhabited: 
this is the manner in which the iſlands of the Nile 
are ſorwed, as well as thoſe of St. Laurence, the 
me of Sanda, fituate on the coaſt of Africa near 
the 
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the mouth of the river Coanga ; the iſland of Nor- 


way, &c. See Varenni Geograph. p. 214. To 
thete may be added the ifland of Jong Ming at 
China, which was formed by degrees by the earth 
which the river Nanguin waſhed away and de- 
poſited at its mouth; this iſland is very conſiderable 
being more than twenty leagues long by five or ſix 
broad. See Lethes Ediflantes, Recueil xi. poge 234. 

1 he bo, Trento, Athefis, and many other rivers 
of Italy carry away with them a, great quantity of 
carths into the canalsof Venice, eſpecially during the 
ume of inundations, inſomuch that by degrees they 
fill up, are dry in many places at low water, and 
there is now only the canals, which are kept up at 
a great expence, that may be ſaid to have any 
depth, 

At the mouth of the river Nile, at that of the 
Ganges and the Indus, at that of the river Plata at 
Brazil, at that of the river Nankin in China, and 
at the mouth of many other rivers, the earth and 
tand are found accumulated. Loubere in his 'voy- 
ige to Siam ſays that the banks of ſand and earth 
daily increaſe at the mouths of the great rivers of 
Aſta, by the mud and ſediment they bring there ; 
iomuch that the navigation of theſe rivers become 
every day more difficult, and will one day be im- 
palable : the ſame thing may be faid of the large 
vis of Europe, and particularly of the Volga, 
whth has more than ſeventy mouths in the Caſpian 
ſea ; and the Danube, which has ſeven in the black 
lea, Nc, 

As there is very ſeldom any rain in Egypt; the 
regula inundation of the Nile, proceeds from the 
torrent which fall therein in Ethiopia; it waſhes 
away agreat quantity of mud, and this river has 
not onl brought on the land of Egypt many mil- 
lions ofznnual beds, but has even thrown far _ 
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the ſea the foundations of an alluvion, which in 
time may form new land : for by the lead we 
find, at more than twenty leagues diſtance from the 
coaſt, the foil of the Nile at the bottom of the 
ſea, which is every year increaſing. Lower Egypt, 
where Della at preſent ſtands was formerly only a 
gulph of the ſea, See Diodorus de Succhas, lib. 
3. Ariſtotle lib. 1. of Meteors, ch. 14. Hero- 
dotus, 1. 4, 5, &c. Homer tells us, that the iſland 
of Pharos was twenty-four hours journey diſtant 
from Egypt, and it is known that at nu" it is 
almoſt contiguous to it. The ſoil of Egypt has not 
the ſame depth of good ground throughout its ex- 
tent; the more we approach the ſea the leſs depth 
is found : near the borders of the Nile, there is 
ſometimes near thirty feet depth and upwards of good 
earth, whereas at the extremity of the inundation 
there is only ſeven inches. See Shaw's Travels, 
Vol. II. page 185 and 116. The town of Damietta 
is at preſent more than ten miles diſtance from the 
ſea, and in the time of St. Louis, in 1243, it was 
a ſea port. The town of Fooah which 300 years 
ago, was fituate at the mouth of the Canopigua, a 
branch of the Nile, is at preſent more than ſeven 
miles diſtant from it ; within forty years the ta 
has retreated half a league from before Roſette :nd 
Idern, pages 173 and 188. 

All the great rivers of America, and even noſe 
which have been lately diſcovered have ſufered 
great alterations at their mouths. Father Clarle- 
voix ſpeaking of the river Miſſiſſipi ſays, tiat at 
the mouth of this river below New Orleais the 
country forms a point of land which does not aps 
pear to be very ancient, for by digging but a little 
into the earth we meet with water, and th quan- 
tity of ſmall iſlands which have been ſeer formed 
in the preſent time at all the mouths of ths — 
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leaves not the leaſt doubt but that this neck of 
land was formed after the ſame manner. It a 

pears certain, ſays he, that when Monſieur De la 
Salled went down (a) the Miſfifpi to the ſea, the 
mouth of this river was not as it this preſent time, 

The nearer we approach towards the ſea, adds 
he, the more it becomes perceptible, the Barr has 
ſcarcely any water, in moſt of the ſmall outlets 
which the river has opened, and which haye only 
multiplied ſo greatly, from the trees which are 
carried along with the currents, and one of which 
alone ſtopt by its branches or roots in a part where 
it is ſhallow, ftops theſe ſands ; I have ſeen, conti- 
nues he, 206 leagues from New Orleans, piles of 
trunks of trees, one of which alone would have 
filled all the timber yards of Paris, therefore no- 
thing is able to ſet them free : the mud which 
the river brings down ſerves them for cement and 
by degrees covers them : each inundation leaves 
a new ftrata, and after ten years at moſt, ſhrubs 
and vegetables grow thereon : after this manner, 
moſt peaks and iſlands are formed, which ſo often 
change the courſe of a river. See Charleyoix Tra- 
vels, vol. II. p. 440. 

Nevertheleſs all the changes which rivers are the 
cauſe of are very ſlow, and cannot become conſi- 
derable till after a long ſeries of years, but quick 
and ſudden changes have happened by inundations 
and earthquakes. The ancient Egyptian prieſts, 
600 years before the birth of Chriſt aſſerted, ac- 
cording to the relation of Plato, that formerl 
there was a great iſland near Hercules's Pillar's, 
which was larger than Lybia, taken together ; 
this iſland was called Atlantide, and was inunda- 


(a) There are ſome Geographers who aſſert that Monſicur 
de la Salle, never went down the Miſſiſſippi. | 
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ted and ſubmerged after a great earthquake. Tra- 
e ditur Athenicafis civitas reſtitiſſe olim innumeris 
* hoſtium copiis quæ ex Atlantico mari profectæ, 
5c proper cunctam Kuropam Ahamque obſederunt; 
* tunc enim fretum illud navigabille, habens in 
«* ore & quaſi veſtibulo ejus infulam quas Herculis 
* columnas cognominant : ferturque inſula illa 
« Lybia ſimul & Afia major fuifſe, per quam ad 
e alias proximas inſulas patebat aditus, atque ex 
* inſulis ad omnem continentem e conſpecta ja- 
* centem vero mart vicinam ; ſed intra os — a 
* portus auguſto ſinu traditur, pelagus illud verum 
e mare, terra quoqne illa vere erat continens, &c. 
% Poſt hæc ingenti terræ motu jugique diei unius 
* & noctis illuvione factum eſt, ut terra dehiſeens 
© omnes illos bellicoſos abſorberet, & Atlantis in- 
5 ſula ſub vaſto gurgite mergeretur. Plato in Ti- 
„ mao.” This ancient tradition is not abſolute] 
contrary to all probability, the earths which have 
been abſorbed by the waters are perhaps thoſe 
which join Ireland to the Acoras, and thoſe to the 
continent of America, for in Ireland, the fame foſ- 
fils, the fame ſhells, and the ſame marine produc- 
tions are found as in America, ſome of which are 
different from thoſe found in other parts of Europe. 
Euſebius relates two teſtimonies on the ſubject of 
deluges, one of which is. from Melon, who ſays 
that the plains of Syria had formerly been inundated ; 
the other is from Abydenus, who ſays that in the 
time of king Sifithus there was a great deluge which 
had been predicted by Saturnus, Plutarch De So- 
leſtia Auimaluim. Ovid, and other mythologiſts 
ſpeak of the deluge of Deucalion, which was in 
Theſfaly, about 7oo years before the univer- 
fal deluge. It is alſo aſſerted that there had 
been one more ancient in Attica, in the time of 
Ogiges, about 230 years before that of Deucalion. 
In 
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in the year 1095 there was a deluge in Syria, which 
drowned an infinire number of people. See Alfleda 
Chron. chap. 25. In 1165 there was fo conſide- 
rable a one in Friezland, that all the maritime 
coaſts were ſubmerged, with many millions of fouls; 
See Krank, lib. 5. cap. 4. In 1218 there was a- 
nother inundation which deſtroyed near an hundred 
thouſand people, as well as that in 1330. There 
are a multitude of other examples of ſuch great in- 
undations, like that of 1604 in England, and many 
more. 

A third cauſe of the change on the ſurface of the 
globe, are impetuous winds, they not only form 
downs and hills on the ſea ſhores, and in the midſt 
of continents, but they often ſtop, and choak up 
rivers, change their directions, tear up cultivated 
land, trees, overthrow edifices, and may be faid to 
inundate entire countries: we have an example 
of theſe inundations on the coaſts of Brittany in 
France: the hiſtory of the Royal Academy at Paris, 
anno 1722, makes mention of 1t in the following 
terms : 

e In the environs of Saint Pol-de-Leon, in lower 
Brittany, there is a quarter near the ſea, which be- 
fore the year 1666 was inhabited, and is no longer, 
by reaſon of a ſand which covers it to the height of 
more than twenty feet, and which projects and gains 
ground every year. By reckoning the given epocha 
it has gained upwards of fix leagues, and is now 
more than about half a league from Saint Pol, fo 
that according to all appearance in time the town 
muſt be deferted. In the fubmerged country we 
ſtill ſee the tops of ſome ſteeples and chimnies which 
peep out of this ſea of ſand : the inhabitants of the 
interred villages have at leaſt had ſufficient time to 
quit their houſes and have recourſe to begging. 
page 7.” 

Vor. VI. = - «It 
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« Tt is the eaſt or north wind which increaſes 
this calamity, it raiſes up this ſand which is of a 
very fine nature, and ſweeps it away in ſuch a great 
quantity and with ſuch velocity, that Monſieur 
Deſlandes, to whom the academy is indebted for 
this obſervation, walking in that country during 
the time the wind is loaded with the ſand, he was 
obliged from time to time to wipe it off his hat 
and cloaths, becauſe they felt heavy. Befides, 
when this wind is violent, it throws this ſand over 
a ſmall arm of the ſea into Roſcof, a ſmall port 
very much frequented by foreign veſſels : the ſand 
collects in their ſtreets to the height of two feet, 
and it is carted away. As we pals along we ma 
obſerve many ferrugineous parts in this ſand, which 
are diſcovered by a knife touched with the load- 
ſtone, 

The part of the coaſt which furniſhes all this 
ſand, is a plain which extends from Saiut Pol as far 
as Ploueſcal, that is to ſay ſomewhat more than 
four leagues. The diſpoſition of the places is ſuch 
that there is only the eaſt wind or the north eaſt 
wind which has the direction neceſſary to convey 
the ſand over the lands. It is eaſy to be con- 
ceived how the ſand conveyed and accumulated by 
the wind 1n one part, is afterwards again taken up 
by the ſame wind and carried farther, and that 
the ſand can thus advance by ſubmerging the coun- 
try, while the mine which furniſhes it, can furniſh 
it anew, For without this, the ſand by advancing 
would always diminiſh in height and would ceaſe 
its ravages. Now it is but too poſſible that the ſea 
throws up or depoſits for a long time new ſand 
in place of that from whence the wind raiſes it up; 
it is certain it always ought to be yery fine to be 
the more readily carried away.” 
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« The diſaſter is but of modern date, becauſe 
the ſhoal which furniſhes it, has not yet a ſuffici- 
ent quantity, to lift itſelf above the urface of the 
ſea, or perhaps becauſe the ſea has not quitted that 
part and has left it uncovered only from ſuch a 
time : it has had ſome motion on that coaſt, and 
at preſent reaches at high water half a league 
beyond certain rocks that formerly it never paſ- 

led.” | 

This unhappy quarter of the country inundated 
in ſo ſingular a manner juſtifies what the ancients 
and moderns relate concerning the tempeſts of ſand, 
excited in Africa, which have deſtroyed whole 
towns and even armies. | 

« M. Shaw tells us, that the ports of Laodicea 
and Jebila, Tortoſa, Rowadia, Tripoli, Tyre, A- 
cre, and Jafia, are all filled and heaped up with 
ſand which have been driven by the great waves 
which beat on that fide of the Mediterranean, when 
the weſt wind blows impetuouſly. See Shaw's Tra- 
vels, vol. II. 

It is uſeleſs to give a greater number of ex- 
amples of the alterations which happen on land : 
fire, air and water produce continual changes there- 
on, which become very conſiderable by time : 
there are not only general cauſes, whoſe effects 
are periodical and regular, by which the ſea ſuc- 
cefſively takes the place of the earth and for- 
ſakes its dominions : but there is a greater num- 
ber of particular cauſes which contribute to theſe 
mutations, and which produce inundations, finkings 
in the ſurface of the earth, which as we well know 
is the moſt ſolid, like the reft of nature, undergoes 
continual and perpetual viciſſitudes. 
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1550 appears certain, that by the proofs we have 
I given (Articles vii and vin,) that the terreſtrial 
- continents, have been formerly covered by the ſea; 

it appears alſo as certain (Article xi.) that the 
flux and reflux and other motions of the waters, 
continually detach from the fide and the bottom 
of the ſea, matters of every kind, and ſhells, ſome 
part of which depoſit and fall to the bottom of 
the water as ſediments, and which are the origin 
of the parallel and horizontal ftrata every where 
to be met with, It appears (Article ix) that the 
inequalities of the globe have no other cauſe than 
that of the motion of the ſea, and that moun- 
tains have been produced by the ſucceſſive maſſes 
and heapings of ſediment we are ſpeaking of, 
which have formed the different beds of which 
they are compoſed, It is evident that the cur- 
rents which at firſt have followed the direction 
of theſe inequalities, have afterwards given to them 
all the figure which they at preſent preſerve 


(Article 
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{Article xiii,) that is to ſay, that alternative cer. 
reſpondence of the ſaillant angles always oppoſed 
to the returning angles. It appears likewiſe (Ar- 
ticles viii and xviii) that the greateſt part of the 
matters which the ſea has detached from its bot- 
tom and were in duſt when they were precäpi - 
_tated in the form of ſediments, and that this im- 
238 duſt has abſolutely and perfectly filled 
he infide of ſhells, when theſe matters are found 
either of the ſame nature of ſhells, or of ſome ana- 
logous nature, it is certain (Article XXII) that 
the horizontal ſtrata, which have been produced 
by the waters, and which at firſt were in a ſoft 
ſtate, have acquired hardneſs in proportion as they 
became dry, and that this drying has produced 
— clefts, which croſs the horizontal 
rata, 

It is impoſſible to doubt after having ſeen the 
fact, which are related in the articles x, xt, 
xiv, xv, xvi, xvii, Xviii, that an infinite number 
of revolutions, particular changes and alterations 
have happened on the ſurface of the globe, as 
well by the natural motion of the ſea, as by the 
action of rain, froſt, running waters, winds, ſub- 
terraneous fires, earthquakes, inundations, &c. 
and that conſequently the ſea could not take 
the place of the earth, eſpecially in the earlieſt 
times after the creation, when the terreſtrial rmat- 
ters were much ſofter than they are at preſent, It 
muſt, nevertheleſs be acknowledged, that we can 
but very imperfectly judge of the ſucceſſion of 
natural revolutions ; that we can till leſs judge of 
the courſe of accidents, changes, and alterations: 
that the defect of hiſtorical monuments, deprives 
us of the knowledge of circumſtances, and ex- 
perience and time 1s deficient to us : we do not 
pay any conſideration that this time which is wan- 


ting, 


225 NATURAL HISTORY. 


ting, is not ſo to nature: we would bring back 


to'the-moment-of our exiſtence ages paſt and to 
come, without reflecting that this inſtant of time, 
nay even human life itſelf, extended as much as 

it can be with reſpe&t to hiſtory, is only a 
point in direction, a fingle act in the hiſtory 
of the acts of the Almighty, 
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Obſervations and Experiments for the Im- 
provement of Agriculture. 


By Meſſrs. Burrox and Du HAMEL. 


THE phy ſical ſtudy of vegetables, which leads us 
to the perfection of agriculture is one of thoſe 
ſciences, whoſe progreſs is only augmented by a 
multitude of qbſervations, which can neither be 
the work of one man alone nor of a limited time; 
ſuch obſervations alſo ſeldom are of certain value 
till they have been repcatedly made and compared 
a 2 in 
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in different places, in different ſeaſons, and by dif- 


ferent perſons of ſimilar ideas. It was in this view, 
that Meſſrs. Buffon and DuHamel joined together, to 
labour in concert for the eclairciſſement of a num- 
ber of phænomena difficult to be explained in the 
hiſtory of nature, from the knowledge of which 
may reſult an infinity of uſeful matters in the prac- 
tice of agriculture, ; 
The froſt is ſometimes ſo intenſe during winter 
that it deſtroys almoſt all vegetables, and the ſcar- 
city in the year 1709, is a melancholy epocha of 
its cruel effects. Es 
Seeds entirely periſhed, as did ſome kind of trees 
&c. others, as olives and almoſt all fruit trees, 
ſhared a milder fate, ſhooting forth their leaves, 
their roots not having been hurt, In ſhort, many 
large trees which were more vigorous, ſhot fqrth 
almoſt on every branch in ſpring, and did not ap- 
pear to have ſuffered but very little. We ſhall ne- 
vertheleſs remark the real and irreparable damage 
this winter occaſioned them. E 
A froſt which deprives us of the moſt neceſſary 
articles of life, which certainly deſtroys many 
kinds of uſeful trees, and ſcarcely leaves one 1n- 
ſenſible of its rigour, is certainly one of the moſt 
formidable : therefore, we have every thing to 
dread from one of thoſe intenſe froſts, which might 
reduce us to the laſt extremities if their effects 
were oftener felt; but, fortunately we can quote 
only two or three winters, which like that in 
1709, produced ſo great and general a calamity. 
The greateſt diſorders which ſpring froſts ever 
occaſion, do not far touch ſuch eſſential articles, 
although they damage the grain and principally 
the barley when it is but juſt eared: this has never 
heen obſerved to produce great ſcarcities: they do 
not affect the more ſolid parts of trees, nor the 


tr unks 
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trunks or branches ; but they totally deftroy their 
productions and depriye us of the harveſt of the 
vines and orchards, and by the ſuppreſſion of the 


new buds, they cauſe a confiderable damage to 
foreſts. 


Although there are ſome examples, of the win- 
ter frofts having reduced us to a ſcarcity of bread 
and deprived us for many years of an infinity of 
uſeful things furniſhed us by vegetables: the da- 
mage which ſpring froſts as becomes {till 
more important, becauſe they afflict us much often- 
er: for as ſome froſts almoſt happen every year 

in that ſeaſon, ſo it rarely happens that they do not 
diminiſh our revenues. 

To conſider the effects of froſt even very ſuper- 
ficially, we muſt perceive that thoſe produced by 
the ſharp froſts of winter, are very different from 
thoſe occafioned by the ſpring frotts, fince the one 
attacks the body itſelf and the moſt ſolid part of 
trees, whereas the others ſimply deftroy their pro- 
ductions and oppoſe their growth, which will be 


% 


more amply proved in the courſe of this me- 


moir, 


But we ſhall evince at the ſame time that they 
act in quite different circumſtances, and it is not 
always the ground, expoſition and fituaiton in 
which the winter froſts are obſerved to have pro- 
duced the greateſt diſorders and which ſuffer moſt 
from the ſpring froſts. 

It will be readily conceived that we have not 
been able to make this diſtinQtions of the effect 
of froſt, but by collecting many of the obſervations 
which will take up the greateſt part of this me— 
moir. But may they vor be ſimply curious, and 
may they not be of utility for thoſe who would 
dive into the phyfical cauſe of froſt ? We hope for 
greater effects; that they will be profitable to agri- 


cul- 
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culture and that if they do not wholly put us in 
a method of entirely relieving us from the evils 
froſts occaſion, they will afford a means to guard 
us partly from them : this is what, we ſhall be 
careful of pointing out as our obſervations ſhall fur- 
niſh us with opportunities. We ſhall therefore, 
immediately go upon the detail of them, beginning 
with that which regards the ſharp froſts of winter 
and afterwards ſpeak of thoſe of ſpring. 

Mee cannot reafon with ſo great a certainty on 
winter froſts 'as thoſe of ſpring; ' becauſe, as we 
have already obſerved, we are happy enough ſcl- 
dom to meet with their tragical effects. 

* Moſt trees during this ſeaſon being deprſved of 
bloſſoms, fruits and leaves, have generally their 
buds, hardened in a ſtate of ſupporting very ſharp 
froſts, at leaſt, as the preceeding ſummer was cool; 
for, in this caſe, the buds being not arrived to 
that degree of maturity, which gardiners call 
aoutes (a) they are not in a ſtate * reſiſting the 
moderate froſts of winter: but, this is not the ge- 
neral caſe and the buds are ofteneſt ripe before 
winter and the trees endure the rigour of that 
ſeaſon without being damaged, at leaſt, unleſs ex- 
ceffive cold weather enſues, joined to the bad cir- 
cumftance hereafter mentioned. 

We havenevertheleſs met with many trees in foreſts, 
attacked with conſiderable defects, certainly pro- 
duced by the ſharp froſts we ſpeak of, and parti- 
cularly by that of 1709 : for although that intenſe 
froſt, begins to be termed old, it has produced in 
trees woich it has not entirely deſtroyed, defects 
which will never be effaced. | 

Theſe defects are, 1it, chaps or chinks which 
follow the direction of the fibres. 

2d. A portion of dead wood included in the 
good.  Lafts 

(a) Ripened or filled with ſap. ? 
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Laſtly, the double ſap which is an entire crown 
of imperfect wogd : we muſt dwell a little on theſe 
defects and tell, from whence they proceed. We 
ſhall begin with What concerns the double ſap. 

The ſappy part “of, trees is as well known, a 
crown or circle of white” and imperfect wood of 
a greater or leſſer thickneſs,” and, which in almoſt 
all trees is eaſily diſtinguiſhed from ſound wood, 
which is called the hart, by the difference of its 
colour and hardneſs : it is found immediately un- 
der the bark and ſurrounds the perfect wood, 
which in ſound trees, is nearly of the ſame colour, 
from the e to the center. But, in 
thoſe which we, ſpeak of, the perfect wood is 
1ound ſexiarated: by another circle of white wood, 
inforuuch, that on cutring the trunk of one of the 
trees, we Taw a !ternarively a circle of ſap, then one 
of pericct wood, and afterwards a clump of per- 
fect wood, and more or leſs general according to the 
different foils and fituations ; inſtrong earth and in 
foreſt earth, it is ſcarcer and leſs conſiderable than 
in gladcs and light earth. 

By the'tole inſpection of theſe circtures of white 
wood, which we in future ſhall term falſe ſap, we 
perceive to be of bad quality; neverthe!2{s, to * 
certain thercot, Monfieur Buffon had many plan 
ſawed two feet in length, by nine to ten ſquare, 
aud having tlie like made from the true ſap, he had 
both broken by loading them in the middle, and 
thoſe of the falſe ſap always broke under a leis 
weight than thoſe of the aa although as is well 
known, the ſtrength ot the ſap is very trivial in 
1 of that of formed wood. 

e afterwards took many pieces of theſe two 
kinds of ſap, he weighed them in the air, and af- 
terwards in water, and'he diſcovered that the ſpe— 
cific weight of the natural fap was always greater 


than 
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than that of the falſe. He afterwards made a like 
experiment with the wood of the center of theſe 
ſame trees, to compare it with that of the cincture 
which is found between theſe two ſaps, and he diſ- 
covered that the difference was nearly that which 
is naturally found betwixt the weight of the wood 
of the center of all trees and that of the circumfe- 
rence; thus, all that is become perfect wood in 
theſe defectuous trees, is found nearly in the com- 
mon order. But it is not the ſame with reſpect of 
the falſe ſap, ſince, as the experiments prove, 
which we have juſt related, it is weaker, ſofter and 
lighter, than the true ſap, although it was formed 
twenty and twenty-five years before, which we have 
diſcovered by counting the annual circles, as well 
of the ſap, as of the wood which covers this falſe 
ſap ; and this obſervation which we have repeated 
on a number of trees, proves inconteſtably that this 
defect is cauſed by the hard froſt of 1709 1 for we 
muſt not be ſurprized to find ſome coats leſs than 
the number of years which are elapſed fince the 
year 1709, not only becauſe we can never by the 
number of lignous coats, find the age of trees 
within three or four years : but alſo becauſe the 
ſt lignous coat which were formed ſince the year 
09, were ſo thin and ſo confined, that we can- 


not very exactly diſtinguiſh them. 


It is alſo certain, that it is the portion of the 
trees which was in ſap in the hard froſt of 170g, 
which inſtead of coming to perfection, and con- 
verting itſelf into wood, has on the contrary - be- 
come more faulty : it cannot be doubted after the 
experiments made by M. de Buffon to aſcertain the 
quality of this falſe ſap. 

Beſides, it is more natural to Fo ＋ that the 
ſappy kpart of the wood muſt ſuffer more from 
ſharp froſts, than ſound wood; becauſe not only 
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being at the external part of the tree, it is more 


ex poſed to the weather; but alſo becauſe it contains 
more ſap, and the are fibres more tender and delicate 
than the wood; All this at firſt appears to wear 
but little difficulty, nevertheleſs, the objection rela- 
ted in the hiſtory of the Academy of Sciences, anno 
1710, might be objected theretog by which it ap- 
22 that in 1709, the young trees have much 
etter endured the hard froſt than the old. But as 
the matter we relate is certain, there muſt be ſome 
difference between the organical parts, the veſ- 
ſels, the fibres, &c. of the ſappy part of the old 
trees and of that the young; 46d, perhaps will be 
more ſupple, inſomuch, that a power which will 
be capable of cauſing the one to break, will only 
dilate the reſt, On the whole, as theſe ate matters 
which does not come under our inſpection, and of 
which the mind remains but little ſatisfied, we ſhall 
paſs more ſlightly over theſe conjectures, and content 
ourſelves with the particulars we have well obſer- 
ved. This ſappy part therefore has ſuffered greatly 
from the froſt, it is an inconteſtible matter; but 
has it been entirely diſorganized ? This might 
happen without the death of the tree enſuing, pro- 
vided the bark remained ſound, and vegetation 
might continue. We daily fee willows and limes 
which ſubſiſt only by their bark, and the ſame 
thing has been ſeen at the nurſery of Roule, on an 
orange tree which died only a few years ago. 

But we do not think that the falſe ſap which 
we ſpeak of is dead, it has always appeared 
to me in quite a different ſtate from the ſap 
found in trees, which has a portion of dead wood 
included in the found, and which we ſhall ſpeak 
of preſently. It appeared the fame to Monſieur 


Buffon, when he bad the planks and cubes cut-out 


for the experiments which we have related; and 
Vol. VI. b be- 
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beſides, if it had been diforganized, as it extends 
over the whole circumference, it would have inter- 

rupted the lateral motion of the ſap, and the wood 
of the center, which weuld be found recovered by 

this covering of the dead ſappy part of the wood, 
not being able to vegetate would have alſo periſhed 
and altered, which was not the caſe, as the above 

experiment proves, and which I could confirm by 
many which | have executed with care, but of which 

I ſhall not ſpeak at preſent, becauſe they have been 

for other views: however, it is not eaſily conceived 
how this fappy part of wood has been changed ſo far 
as not to become wood, and that far from being dead, 
it was even in a ſtate of ſupplying the lignous coats 
with ſap, which are formed from above an a ſtate of 
perfection, which may be compared to the wood of 
trees which have ſuffered no accident. This matter 

muſt nevertheleſs have been done in this manner, 
and the hard winter has cauſed an incurable malady 
to this part of the tree, for if it was dead as well as 
the bark which cloathed it, it is not doubtful but 
that the tree would have entirely periſhed, which is 
what happened in 1709 to many trees whoſe bark 
was detached from them, and which by the remain- 
ing ſap in their truak, have in ſpring ſhot forth 
their buds, but which died through weakneſs before 
autumn, in defect of receiving ſufficient nutriment 
to ſubſiſt on. 

We have met with ſome of theſe falſe ſappy 
parts of trees which were thicker on one ſide than 
the other, which ſurpriſingly agrees with the moſt 
general ſtate of the ſap. We have alſo ſeen others 
very thin, ſo that apparently there were only the outer 
coats injured. All theſe are not of the ſame colour, 
and have not undergone an equal alteration nor are of 
equal badneſs, which amazingly agrees with what we 
have before advanced. Having, at length, dug at 
| the 
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the foot of ſome of theſe trees, to ſee if this defect 
exiſted alſo in the roots, but we found them ſound : 
therefore, it is probable, that the earth which cover- 
ed them, had repaired the injury done by the 
-froft. | 
Here then we ſee one of the moſt dreadful effects 
of winter froſts, which locked up. within the tree, 
is not leſs to be. feared, fince, it renders the trees 
attacked by them, almoſt entirely uſeleſs. for all 
torts of buſineſs: but, beſides this, it is very fre- 
quent, and difficult to meet with trees totally exempt 
ftom them; nevertheleſs, we may deduce the ob- 
ſervations we have juſt mentioned, that all has whoſe 
. wood follows not one regular courſe from the center 
where it ſhould be of a deeper colour to the ſap, 
where the colour grows ſomewhat' lighter, it thould 
be ſuſpected of ſome defects, and even to be en- 
tirely rejected for any event of conſequence, if the 
difference is conſiderable: let us, for the preſent ſay 
- word or two on the other defect. 
By horizontally ſawing the feet of trees, we ſome- 
times perceive a piece of dead ſap or dried bark, 
entirely covered by the live wood : this dead ſap 
occupies nearly half of the circuniferences in the part 
of the trunk where it is found: it is ſometimes 
browner than good wood, and at others almoſt white. 
This defect is found more frequently on the ſides 
expoled to the ſouth, than in any other part, By 
the depth alſo where this ſap is found in the trunk, 
it appear in many trees to have periſhed in 1709 z 
and we imagine it to be in all an event of the tharp 
froſts in winter, which Have cauſed a portion of the 
ſap and bark to be entirely periſhed, afterwards 
covered by the new wood, ani this ſap is almoſt al- 
ways found expoſed to the touth, becauſe the ſun 
melting the ice of this fide, a humidity reſults which 
again freezes, ſoon after the tun diſappears, which 
| forms 
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forms a true ice, which as is well known, cauſes a 
_ conſiderable prejudice to trees. his defect does 


— 


not generally take up the whole length of the trunk, 
ſo that we have ſeen ſquare pieces which appeared 
very ſound and which has only been found attack- 
ed in this froſt hitten manner when they have been 
ſplit, to be formed into planks or timbers, and if 
they had been uſed whole, they might have been 
thought exempt from all defects. It is nevertheleſs 
eaſily conceived, how ſuch a diforder in their internal 
part muſt diminiſh their ſtrength, and aſſiſt their 
riſhing, 83 
' We Wh alſo ſaid that the ſtrong ſharp winter 


Froſts, cauſed the trees ſometimes to ſplit, accord- 


ing to the direction of their fibres and even with a 
report: therefore, it remains for us to relate the ob- 
ſeryations we have made on this accident, _ 

In foreſts or woods we meet with trees, which 
having been ſplit according to the direction of their 
fibres, are marked with a ridge formed by the ci- 
catrix which has covered theſe cracks, and which 
remains within the trees without uniting again; be- 
cauſe, as we ſhall take an opportunity to prove, a 
re- union is never formed in the lignous fibres as ſoon 
as they have been divided or broken. It is not to 


be doubted bur that the ſap which increaſes in 


volume when it freezes, as all liquors do, may pro- 
duce many of theſe cracks. But we alſo ſuppoſe, 
there are ſome which are independent of the froſt, 
and which are occaſioned by a too great abundance 
of ſap. | . 
Be it as it may, we have found ſuch defects in 
all ſoils and in all expoſitions, but more frequently 
than elſewhere in wet ground and northern and 
weſtern expoſitions ; this, perhaps may proceed in 
2 caſe when the cold is more intenſe, to ſuch ex- 
poſitions ; and in the other, becauſe theſe trees which 
| are 
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are in marthy grounds, have the tiſſue of their lig · 
nous fibres weaker and fewer, and becauſe their fap 
is more abundant and aqueous than in dry land, 
which is the cauſe that the effect of the rare faction 
of liquors by the pores, is more perceptible and ſo 
much the more in a ſtate of diminiſhing the lignous 
fibres, as they bring leſs reſiſtance thereto, 

'This reaſoning ſeems to be confirmed by another 
obſervation ; which is, that reſinous trees, as the fir, 
are ſeldom injured by the ſharp froſts of winter, 
which may proceed from their ſap being more reſi- 
nous; for we know that oils do not perfectly freeze, 
and that inftead of augmenting in volume in fro 
weather like water, they diminiſh when they con- 

eal, | 
f Dr. Hales, that learned philoſopher, who has in- 
ſtructed us in ſo many things concerning vegetation, 
ſays, in his Vegetable Sratirs, p. 19. That the. plants 
which tranſpire the leiſt, are thoſe which beſt reſiſt 
the winter; becauſe they have need only of a ſmall 
quantity of nutriment to preſerve themſelves. He 
proves likewiſe in the ſame part, that the plants, 
which preſerve their leaves during winter, are thoſe 
which tranſpire the leaſt : nevertheleſs, we knew that 
the organ tree, the myrtle, and ſtill more the jeſſa- 
mine of Arabia, &c. are very ſenſible of ſroſt, al- 
though theſe trees preſerve their leaves during win- 
ter: we muſt therefore have recourſe to another 
cauſe to explain, why certain trees, which do not 
ſhed their leaves in winter, ſo well ſupport the ſharp- 
eſt froſts. 

On the whole, we have ſawed many trees attacked 
with this malady, and have almoſt always found, 
under the prominent cicatrix we have ſpoken of, 
a depofit of ſap or rotten wood, and it is diſtin- 
guithed from what are called in the foreſt terms, 
ſinks or gutters, only becauſe theſe defects which 


pro- 
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proceed from an alteration of the lignous fibres 
which is internally produced, has occationed no ci- 
catrix to change the external form of trees, where- 
as the chinks produced by froſts, which proceed 
from a. cleft afterwards covered by a cicatrix, forms 
à ridge or eminence in form of à cord, which an- 
nounces the internal vice. en 
The ſharp winter froſts, produce without doubt 

many other injuries to trees, and we have likewiſe 
remarked many defects, which we might attribute 
to them with great probability; but, as we have 
not been able to be fully convinced of this; we ſhall 
add nothing more to what we have already ſaid, and 
ſhall paſs on to the obſervations we have made on 
the effects of ſpring froſts, after having ſpoken on 
the effects of the advantages and diſadvantages of 
different expoſitions with reſpect to froſt ; for this 
queſtion is too intereſting to agriculture, not to en- 
endeavour its elucidation ; ſa much the more, as au- 
thors are in oppoſition of ſentiment more capable 
of breeding doubts, than increaſing our knowledge. 
Some pretend that the froſt is felt more ſtrongly at 
the northern expoſition, while others aflert it is 
more ſenſible to the ſouth or weft, and all theſe 
opinions are founded on a ſingle oblervation, We 
nevertheleſs,” thorougnly perceive what has cauſed 
this diverſity of opinions, and what has inclined us 
to reconcile them. But, before we relate the ob- 
ſervations and experiments which have led us there- 
to, it is right to give a more exact idea of the 
queſtion. | | 
It is not doubted but that it is at the northern 
expoſition that the greateſt cold proceeds, is in the 
made of the fun, which alone in ſharp froſts, tem- 
pers the rigour of the cold: beſides, it is expoſed to 
the north, north eaſt and north weſt winds, which 
are the coldeſt of all, not only to judge thereof by 
| the 
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the effects which theſe winds produte ot us, but alſo 
by the liquor of the thermometers, whoſe deciſion is 
much more certain. 40 ä | 

We alſo obſerve, along our eſpaliers, that the 
earth- is often frozen and hardened all the day to- 
wards the north, while it is poſſible to be worked up- 
on towards the ſouth. | | 

After this, when a ſtrong froſt ſucceeds in the 
night, it is evident, that it muſt be much colder 
in the part where it is already formed, than in that 
where the earth is warmed by the ſun; this is alſo 
the reaſon why even in hot countries; we alſo find 
ſnow in the northern expoſition, on the back of 
lofty mountains: beſides, the liquor of the thermo- 
meter always is lower at the northern expoſition 
than to that of the ſouth : therefore, it is inconteſti- 
ble, that it is colder and freezes ſtronger. | 

Does it require more to conclude,“ that the froſt 
muſt occafion more diſorder at this expofition than 
at that of the ſouth? and we ſhall be confirmed in 
this opinion, by the obſervation we have before 
made on the cracks which follow the direction of the 
fibres, which we have found in greater quantity on 
this expoſition than on all the reſt. 

In fact, it is certain, that all the accidents which 
ſolely depend on the -power of the froſt, ſuch as that 
before-mentioned, will be found more frequently at 
the northern expoſition than elſewhere. But 1s it. 
always the great power of the froſt which injures trees 
and is there not particular accidents, which cauſes 
a moderate froſt to do them much more prejudice, 
than the much ſharper froſts do when they happen 
in favourable circumſtances. | 

We have already given an example thereof in 
ſpeaking of that part of dead wood included in the 
good, which is produced by the hoar froſt and which 
is found more frequently to the expoſition * the 

outh 


e. 
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ſouth than to all the reſt, and we well remember 
alſo that one part of the diſorders produced in the 
winter of 1709, muſt be attributed to a falſe thaw, 
which was followed by a froſt ſtill ſharper than that 
which had preceeded it ; but, the obſervations we 
have made on the effects of ſpring frofts, ſup- 
ply us with many fimilar examples which inconteſti- 
bly proves that it is not to the expoſitions where it 
freezes the. ſtrongeſt, that the froſt commits the great- 
eſt N to vegetables. We ſhell enter into a 

detail of them, which will render the general pro- 
poſitions we have advanced apparent, and we ſhall 
gin by an experiment which M. Buffon has cauſ- * 
ed to be performed in his woods, fituate near Mont- 
bard in Burgundy. 
In the winter 1734; he cauſed a coppice of 
wood to be cut which meaſured one hundred and fifty 
fourfeet, ſituate in a dry place, on a flat ground, ſur- 
rounded on all fides with cultivable land. In this 
wood, he left many ſmall ſquare pieces without 
felling them and which faced the eaſt in a manner 
that each face exactly regarded the ſouth, north, 
eaſt and weſt. After having well cleared the part 
that was cut, he obſerved carefully in ſpring the 
growth of the young buds, P on the re- 
newed tops on the 2oth April, it had ſenſibly ſhot 
out in the parts expoſed to the ſouth and which con- 
ſequently were ſheltered from the north by the tuft- 
ed tops: it is in this part therefore that the buds 
ſhot forth the firſt and appeared the moſt vigoraus, 
thoſe which were expoſed to the eaſt appeared later, 
the thoſe of the weſt, and laſtly thoſe of the northern 
expoſition. 

The 28th of April, the froſt was felt very ſharp- 
ly in the morning, by a north wind, the ſky was 


clear and the air very dry, eſpecially for three 
days. we © 
| e 
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oY He went to ſee in what Rate the buds were in 


about the clumps; and found them ſpoiled and ab- 
ſolutely blackened in all the parts expoſed to the 


 fouth and the ſhelter of the north wind, whereas 


thoſe which were expoſed to the cold north wind, 


which till blowed, were only flightly injured, and 
he made the like obſervations around all the clumps 


he had reſerved. With reſpe& to the eaftern and , 
weſtern expoſitions they were that day nearly alike 
injured, | 3 
The 14th, 15th and 22d of May, when it froze 
pretty ſharply by the north and northweſt winds, 
he likewiſe obſerved that all ſheltered from the 


wind were very much injured, whereas what had 
been expoſed to the wind, had {ſuffered but very little. 


This experiment appeared deciſive and ſhewed that 


although it froze firongly in parts expoſed 'to the 


north wind than to the reſt, the froſt nevertheleſs 
did leſs injury to vegetables, 

This circumſtance is ſufficiently oppoſed to com- 
mon prejudice : but it is not the leſs certàin and 
even 52 to be explained; it is ſufficient for this 
purpoſe to pay attention to circumſtances in which 


froſt acts, and we ſhall diſcover that humidity is 
the principal cauſe of its effects, ſo that all that may 
occaſion this humidity, renders at the ſame time the 
froſt dangerous to vegetables, and all that can diffi- 


pate this humidity, if even it ſhould be done b 
Increaſing the cold, for every thing that dries dimi- 


niſhes the diſaſters of a froſt, which we are going to 


confirm by obſervations. 
We have often remarked that in low places, where 
miſts and fogs reign, froſt is felt more ſharply and 


oftener than elſewhere. 


For inſtance in autumn and ſpring, we have ſeen 
delicate plants frozen in a kitchen garden, wheteas 


the like plants, were preſerved found in another kit- 
Vol. VI. 0 chen 
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chen garden fituated on an eminence ; fo likewiſe 


in vallies and low places of foreſts, the wood 


is never of a beautiful vein, nor of good quality, 
although the vallies are often on a better foundation 
than the reft of the ground. The coppice wood 
is never good in low places, and although it ſhoots 
forth there later than elſewhere, by reaſon of a freſh- 
neſs always concentrated therein, and which Mon- 
fieur de Buffon has aflured me to have remarked 
even in ſummer, When he walktd at night in the 
wood he felt almoſt as much heat on eminences as in 
the open plains, and in the vallies he was ſeized 
with a tharp and diſquieting cold, although I affirm, 
that trees ſhoots out later in thoſe parts than elfe- 
where, theſe ſhoots are ſtill injured by the froft, 
which ſpoiling the principal bale obliges the trees 
to ſhoot forth lateral branches, which renders them 
out of a ſtate of ever becoming handſome trees fit 
for ſervice ; and what we have juſt advanced muſt 
not only be underſtood of deep vallies, which are 
ſo ſuſceptible of theſe inconveniencies which are 
remarked on northern expoſitions and thoſe incloſed 
on the ſouthern tide in the form of an alley, in 
which it often freezes the whole year; but we 
ſhall alſo remark the ſame thing in the ſmalleſt val- 


lies, ſo that by a little cuſtom, we can diſcover the 
bad figure of the thoots inclination of the earth; this 


is alſo what I have many times remarked and Mr. 


Buffon has particularly obſerved it the 28th of April 


1734, for on that day the buds of all the trees of 
one year, unto the ſix or ſeventh, were frozen in 


all the lower places, whereas in the high and un- 


covered places, there were only the ſhoots near the 
earth which were ſpoiled, the earth was then very 
dry and the humidity of the air do not appear to him 
to have greatly contributed to this injury ; the vines 


no more than the trees of the plain do not freeze: 


this 
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this might lead us to think that they are leſs de- 
licate than the oak: but, we think this muſt be at- 
tributed to the humidity which is always greater in 
the woods than in the reſt of the plains ; for we 
have obſerved that oaks are often very much in- 
jured from froſts in foreſts, while thoſe which are 
in the plains are not at all hurt. 

In the month of May 1736, we have ſtill had op- 
portunity twice to repeat this obſervation, which has 
even been attended with particular circumſtances, 
but which we are obliged to refer the detail to an- 
other part of this memoir, the better to evince the 
ſingularity of it. 

Large timbers may caule the yonug trees 
which are near them, to be in the ſame ſtate as in 
the bottom of the valley : we have alſo remark- 
ed, that near large trees, the young wood is often 
more injured by the froft than in parts remote 
from it; as in the midſt of ſuch wood and in woods 
where a great number of branches are left, it is felt 
with much greater force than in thoſe which are 
open. Now all the diſorders we are ſpeaking of 
whether in reſpect to vallies, whether becauſe 
formed along large timber, or covered by branches 
are not more conſiderable in theſe parts than in 
others, becauſe the wind and fun cannot diſſipate 
the tranſpiration of the earth and plants, there re- 
mains a conſiderable humidity, which as we have 
obſerved, cauſe a very great prejudice to plants. 

It is alſo remarked that the froſt is never more 
to be dreaded with reſpect to thevine flowers, buds of 
trees, &c. than when it ſucceeds miſts or even rain; 
however ſlight it may be: all theſe plants endure 
a very conſiderable cold without being damaged, 
when it has not rained for ſome time and the earth 
is very dry, as we have proved in that ſpring. 


It 
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It is chiefly for the like reaſon that the froſts act 
more powerfully in places newly cultivated than 
elſewhere, and this becauſe the vapours which con- 
tinually rife from the earth, tranſpire more free] 
and abundantly. from earth which is newly cultt- 
vated than from others. To this reaſon we muſt 
nevertheleſs ſubjoin that plants newly ſet, ſhoot 
forth more vigorouſly than others, which renders 
_ more ſenſible and liable to the effects of 
roft 
So likewiſe we have remarked that in light and 
ſandy ſoil, the froſt does more injury than in ſtron 
land, and by ſuppoſing them of equal dryneſs, doubt- 
leſs becauſe more exhalations eſcape from thoſe kinds 
of earths than from others, as we ſhall hereafter 

prove; and if a vine newly dunged is more ſubject to 
the froſt than another, is not from the humidity 
which eſcapes from it. 

A furrow of vine which lies along a field of ſain- 
foin of peas, &c. is often all loſt by the froſt while 
the reſt of the vine is quite healthy, which muſt 
certainly be attributed to the tranſpiration of the 
ſainfoin or other plants which bring a humidity on the 
ſhoots of the vine. 

In the vine alſo, the branches which are ſtron 
and which are cut, are always leſs injured than the 
ſtock, eſpecially when not being attached to the 
props they are agitated by the vind which 
dries them. 

The ſame thing is remarked in timber, and I 
have ſeen in copſes, all the buds entirely deftroyed 
by the froſt, while the upper ſhoots had not receiv- 
ed the leaſt damage. But Mr. Buffon has made the 
like obſervations with greater exactneſs; it always 
appeared to him that the froſt did more injury to 
one of earth than to two, inſomuch that it mult be 


very 
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very violent to deſtroy the buds higher than four 
feet. Fg | | | | 
All theſe obſervations which may be looked upon 
as very conſtant, agree therefore to prove that it is 
not a ſharp froſt which ofteneſt injures plants loaded 
with humidity, which ſurpriſingly explains why it 
cauſes ſo many diſorders to the ſouthern expoſition, 
although it ſhould be leſs cold than that to the north, 
and as likewiſe the froſt cauſes more injury to the 
certain expoſition, than to all the reſt, when after 
a rain proceeding from a weſterly wind, the wind 
veers to the north towards ſun ſet, as often happens 
in ſpring, or when, by an eafterly wind, a cold 
moiſt air ariſes before an riſe, which is not ſo com- 
mon. | 
There are likewiſe circumſtances where the froſt 
does more injury to the eaſtern expoſition than to all 
the reſt; but, as we have many obſervations al- 
ready on that ſubject, we ſhall firſt relate that we 
made in the ſpring froſt the 1736, which occaſioned 
ſo much damage. As it was very dry the ſucceed- 
ing ſpring, it froze for a long time before it injured 
the vines; but, it was not ſo in the foreſts, appa- 
rently, becauſe more humidity was perceived there 
than elſewhere ; in e it was the ſame as in 
the foreſt of Orleans, the underwood was injured very 
early. At laſt, the froſt ſo greatly increaſed, that 
all the vines were loſt in ſpite of the dryneſs which 
ſtill continued: but, inſtead of the froſt doing moſt 
damage under the ſhelter of the wind, on the con- 
trary in the laſt ſpring, thoſe parts which were ſhel- 
tered were the only ones which were perceived, in- 
ſomuch, that many cloſes ſurrounded by walls, the 
ſtocks along the ſouthern expoſition were very green 
while all the reſt remained dry as in winter, and 
in two quarters the vines were ſaved, becauſe it was 
ſheltered from the north by a nurſery of aſh trees, 


and 
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and the other becauſe the vineyard was ſtocked with 
a number of fruit trees. a 

But this effect is very rare, and only happened 
from the ſeaſon being dry, and das the vines 
had reſiſted the weather till the froſt became ſo 
ſtrong for the time of the year, that it could not in- 
jure the planis independent of the external hun. idi- 
ty, and other particular circumſtances; it is at the 
northern expoſition that the greateſt damage is done, 
becauſe it is coldeſt to that expoſition. 

But we imagine another cauſe for the diſorders 
which froſt produces more frequent to ſome expoſiti- 
ons than to others; at the eaſt, for example more 
than to the weſt: this is founded on the following 
obſervations, which is as conſtant as the preceed- 
_ . 
A ſharp froſt cauſes no prejudice to plants when 
it goes off before the ſun has ftruck them: let it 
freeze at night, if the morning is cloudy, or if a 
flight rain falls; in one word, if by any cauſe ſo- 
ever, the ice melts gently and independent of the 
action of the ſun, it generally does no injury, and 
we have very often ſaved very delicate plants which 
had by chance remained expoſed to the froſts, b 
returning them into the green houſe before ſun riſe, 
or {imply by covering them, before the ſun had ſhone 
upon them. 

One time among the reſt, « very ſharp froſt hap- 
pened in autumn, while our orange trees were out 
of the green houſe, and as it rained part of the night, 
they were all covered with icicles : this accident was 
recovered by covering them with cloths before the 
tun roſe, ſo that there was only the young fruit, and 
the moſt tender ſhoots which were injured ; and we 
are likewiſe perſuaded, that they would not have 
been ſaved if the covering had been thicker. 

So likewiſe another year our geranium, and many 

| other 
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other plants which cannot bear the froſt, where out 
when ſuddenly the wind which was ſouthweſt veered 
to the north and became ſo cold, that the rain water 
which had fell abundantly was frozen, and in a mo- 
ment all that was expoted to the air was covered 
with ice ; we ſuſpected all our plants irrecoverable, 
nevertheleſs, we had them carried to the furthermoſt 
part of the green-houſe, ſhut up the windows and 
by this means they ſuſtained but little damage. 

This precaution is obſervable in the practice for 
animals: when they are ſtricken with cold or a 
limb frozen, we take the precaution not to expoſe 
them to a briſk heat, but rub them with ſnow, dip 
them in water, or bury them in dung, in one word, 
we warm them gradually and with care. 

So likewiſe, if we too precipitately thaw fruit, 
they periſh inſtantaneouſly, whereas they ſuffer leſs 
injury if they are thawed gradually. | 

To give an explanation how the ſun produces ſo 
many diſorders on frozen plants, ſome have imagin- 
ed, that the ice, by melting, is reduced into {mall 
ſpherical drops of water, which form ſo many ſmall 
burning mirrors when the ſun ſhines thereon ; but, 
however ſmall the form of a mirror may be, it can 
oniy produce heat ata diſtance, and cannot produce 
any effect on a body it touches; beſides, the drop 
of water which is on the leaf of a plant, is flat on 
the ſide which touches the plant, which removes its 
focus to a greater diſtance. In ſhort, if theſe drops 
of water could produce this effect, why ſhould not 
the dew drops which are alſo ſpherical, produce the 
tame? perhaps, it may be thought, that the moſt 
{pirituous and volatile parts of the ſap melting the 
firſt, evaporate before the reſt were in a ſtate of mov- 
ing in the veſſels of the plant, which might decom- 
poſe the ſap. | 


But in general it may be ſaid, the froſt increaſ- 
ds ing 
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ing the volume of the liquor, bends the veſſels of 
Plants, and that the thaw cannot be performed with- 
out the parts which compoſe the frozen fluid, enter 
into motion. This change may be made with ſuffi- 
cient gentleneſs not to break the moſt delicate veſſels 
of plants, which will by degrees return to their na- 
tural tone, and then the plants will not ſuffer any in- 
jury; but, if it is done with too much precipitation, 
theſe veſſels will not be able to retake their natural 
tone ſo ſoon, after having ſuffered a violent exten- 
Hon,the liquors will evaporate and the plant re- 
main dry. | : 

Although we might conclude with theſe conjec- 
tures, of which I am not perfectly ſatisfied, it always 
-remains conſtant. | 

1. That in fruit, in ſpring or winter, it ſeldom 
happens that plants are injured ſimply by the great 
force of the froſt and independent of any particular 
circumſtances, and in this caſe it is at the northern 
expoſition that plants meet with the greateſt in- 
Jury. 

0 In froſty weather which laſts ſeveral days, the 
heat of the ſun melts the ice in ſome places for a. 
few hours; for often it freezes again before ſun ſer, 
which forms an ice very prejudicial to plants, and 
it is obſervable that the ſouthern expoſition is more 
ſubject to this inconyenience than all the reſt. | 

2. It has been obſerved, that ſpring froſts princi- 
pally diſorder thoſe places where there is humidity, 
the foil which tranſpires much, bottoms of vallies, 
and in general all places which cannot be dried by the 

wind and ſun, will be therefore more injured than 
others. | | 

In ſhort, if in ſpring, the ſun which ſhines on 
frozen plants, occafion a more confiderable damage 
to them, it is clear that it will be the eaſtern expo- 


ſition 
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tion, and next the ſouth which will ſuffer moſt from 
from this accident: 

But, it will be ſaid, if this is the caſe, we muſt 
no longer plant to the ſouthern expoſition in a-dos 
(which are flopes or borders of earth thrown up in 
kitchen gardens or along eſpaliers) gilliflowers, 
cabbages, winter lettices, green peas, and other de- 
licate plants we would have ſtand the winter, and 
preſerve for an early crop in ſpring ; it will be to the 
northern expoſition that we muſt tor the future plant 
peach and other delicate trees: it 1s proper to de- 
ſtroy theſe objections, and ſnew that they are falſe 
conſequences of what we have advanced. 

Different objects are propoſed, when we ſet plants 
to live over the winter in ſhelters expoſed to the 
ſouth, and ſome times it is to expedite vegetation : 


it is, for example, in this intention, that along ef- 


paliers we plant ſome ranges of lettices, which from 
this reaſon are termed, winter lettices, which toler- 
ably well reſiſt the froſt in whatever part we plant 
them, but which are more forward in this expoſition 
at other times, it is to preſerve them from the rigour 
of this ſeaſon, with an intention of replanting them 
early in the ſpring: for example, it is this practice 
which is followed for winter cabbages, that are ſowed 
in this ſeaſon along an eſpalier border. This kind of 
cabbage, like brocoli, are tender and cannot endure 
the froſt, and would often periſh in theſe ſhelters if 
care was not taken to cover them during the ſharp 
froſts with firaw or dung ſupported on frames. 
Again, we are ſometimes defirous to forward the 
vegetation of tome plants which will not bear the 
froſt, as green peas, &c. for which purpoſe they are 
planted on borders expoſed to the ſouth, beſides, 
which they are defended from ſharp froſts when the 
weather requires it. 
It is well known, without being obliged to dwell 
VoL. VI. : any 
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any longer on this point, that the ſouthern expoſition 
is more proper than all the reſt to accelerate vege- 
tation, and we have ſhewn that this is alſo what is 
principally propoſed when ſome plants are ſet in this 
expoſition to live over the winter, fince we are ob- 


liged, as we have obſerved, to employ, befides this, 
coverings to guard plants which are delicate from 
the froſt ; but, we muſt add, that if there are ſome 


cireumſtances, where the froſt cauſes more diſorders 
to the ſouthern than to other expoſitions, there are 
alſo many caſes which are favourable to this expo- 
fition : if, for example, in winter, there is any thing 
to fear from the ice, how many times does it happen 
that the heat of the ſun, which is increaſed by the 
reflection of the wall, has ſufficient force to diſſipate 
all the humidity, and then plants are almoſt in ſurety 
againſt the cold? beſides, how often does dry froſts 
happen, which unceaſingly act towards the north, 
and which are almoſt all not felt towards the ſoutb? 
In ſpring likewiſe, we perceive that after a rain 
which proceeds from the ſouth weſt or ſouth eaſt the 
wind changes to the north, the ſouthern eſpalier be- 
ing uader the ſhelter of the wind, will ſuffer more 
than the reſt ; but theſe caſes are very rare ; and 
moſt often it is from rains which come from the norh- 
eaſt or northweſt, that the wind changes to the north 
and then the ſouthern eſpalier having been under 
ſhelter from the rain by the wall, the plants there 
will have leſs to ſuffer than the reſt, not only becauſe 
they have received leſs rain, but likewiſe becauſe 
it is always leſs cold there than in other expoſitions, 


as we have remarked at the beginning of this me- 


moir. 
Beſides, as the ſun dries much earth along the eſ- 
aliers which are to the ſouth, the earth tranſpires 
there leſs than elſewhere, | 
It is well known, that what we have juſt advanc- 
ed 
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ed, muſt have its application with reſpect to peach 
and apricot trees, which it is cuſtomary to put in 
this expoſition and in that of the eaſt. We ſhall on- 
ly add, that it is not uncuſtomary to ſee peach trees 
frozen in the eaſt and ſouthern expoſitions, and not 
to be ſo even in the weſt or north: but indepen- 
dent of this, we can never rely on having many nor 
good peaches in this laſt expoſition : great quantity 
of bloſſoms fall off entirely without ſetting ; others, 
after having ſet fall, from the trees, and thoſe which 
remain with difficulty arrive to maturity, I have 
an eſpalier of peach trees in a weſtern expoſition, a 
little declining to the north, which almoſt affords no 
fruit, although the trees are handſomer than thoſe to 
the ſouthern and northern expoſition. | 

Therefore, we cannot avoid the inconveniences, 
which may be reproached to the ſouthern expoſition, 
with reſpect of the froſt, without feeling others that 
are worſe. | 

But all delicate trees, as fig, laurel, &c. muſt be 
fet to the ſouth, taking care, as is generally done 
to cover them; we ſhall only remark that dry 
dung is preferable for this purpoſe to ſtraw, which 
never ſo exactly covers it, and in which ſome grain 
always remains that attracts moles or rats, which 
ſometimes eat the barkof trees to quench their thirſt 
in froſty weather, when they can meet with no wa- 
ter to drink, nor herb to feed upon which has hap- 
pened to us more than once or twice ; but, when we 
make uſe of dung it muſt be dry, without which it 
will heat and make the young branches grow 
mouldy. 

All theſe precautions, are nevertheleſs very in- 
ferior to the eſpaliers in niches, as may be ſeen in the 
Royal Gardens of France; in this manner plants are 
ſheltered from all winds, except that of the ſouth 
which cannot hurt them; the ſun which warms theſe 


place 
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places during the day, prevents the cold from being 


1o violent during the night, and over theſe defend- | 


ed places we may put a flight covering with great 


facility, which will hold the plants there in a ſtate 


of dryneſs, infinitely proper to prevent all the ac- 
cidents which the ſpring froſts and ice might pro- 


duce, and moſt plants will not ſuffer from being 


deprived of their external humidity, becauſe they 
ſcarcely tranſpire at all in winter, no more than in 


— 


the beginning of ſpring, ſo that the humidity of the 


air is ſufſicient for their ſupply. 


But fince the dew renders plants ſo ſuſceptible 
of the ſpring froſt, might we not hope that the re- 
ſearches which Meſſts. Muſchenbrock and Fay have. 


made on this matter, might turn out to the profit of 
agriculture ? For, in ſhort, ſince there are bodies 
which ſeem to attract dew, while there are others 
which repel it; if we could paint, plaiſter, or waſh 
the walls with {ome matter which might repel the 
dew, it is certain we ſhould have room to hope for a 
more fortunate ſucceſs, than from the precaution 
taken to place a plank in form of a roof, over the 
eſpaliers, which can ſcarcely diminiſh the abundance 
of the dew on trees, ſince Monſieur du Fay has prov- 
ed that often it does not fall perpendicularly like 
rain, but floats in the air and attaches itſelf to bodies 
it meets with: ſo that often as much dew is amal- 
fed under a roof as in places entirely open. It 
would be eaſy for us to reviſe all our obſervations 
and continue to deduce uſeful conſequences to the 
practice of agriculture : what we have ſaid, for ex- 
ample, muit determine to root up all trees which 
prevent the wind from diſſipating mifts. 

Since by cultivating the earth, we cauſe more ex- 


halations 10 itive, we muſt pay greater attention not 
to cultivate them in critical times. 


We 
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We muſt expreſly forbid from ſowing kitchen 
Jlants on vine furrows, which by their, tranſpiration 
Fw the vine. 


Props thould be put to the vines as late as poſ- 
ible, 


The hedges, v. hich border tha v vines on the north, 
ſide, thould be kept lower than the reſt. 


It is preferable io improve vines with mould rather. 
than dung. 


Laſtly, If we are :nclined to chuſe à ſoil, we 
ſhould avoid thoſe which are in bottoms or in ground 
which tranſpire much. 

A part of theſe precautions may be alſo uſefully 
employed for fruit trees ; with reſpect, for example, 
for plants, which gardiners are forward to put at 
the feet of their buſhes and along their eſpaliers. 

If there are ſome paris high and others low in a 
garden, we ſhould pay attention to ſow * and 

delicate plants on elevated parts, at leaſt, if we do 
not deſign to cover them with glaſſes, &c. for in 
the caſe where humidity cannot hurt them, it might 
be often advantageous to chuſe low places to be ſhel- 
tered from the north and north weſt winds. 

We may alto profit from what has been ſaid to 
the advantage of foreſts, for if we mean to make re- 
ierve of any, it will ner er be in parts where the froſt 
cauſes ſo much damage. 

If we plant a tree, we ſhould pay attention to put 
in vallies, trees which can endure the froſt better 
than oak. 7 

When any conſiderable fall af timber is made, 
we ſhould make them in roads, beginning always on 

the north fide, in order that the wind which gene- 
rally blows in froſty weather, may diffipate that hu- 
midity which is ſo prejudicial to the underwood, 

There might be alſo many other uſeful confe- 
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quences drawn from our obſervations; but we 
ſhall content ourſelves with having recounted ſome, 
becauſe, the ingenious man may ſupply what we 


have omitted by paying a little attention to the ob- 


ſervations we have mentioned. We are well con- 
vinced there are a greater number of experiments 
to be made on this matter: but we have thought 
it no ways inconvenient to relate thoſe we have 
made: perhaps, even they will engage ſome per- 
ſon to work on the ſame ſubject, and if they do 
not produce their effect, they will not prevent 


us from purſuing the views which we have on 
this matter. 


Of 
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Of the Cauſe of the Excentricity of the lignous Coats 
perceived, when the Trunk of a Tree ts cut horizontally. 


OF THE | | 


Tnequality of Thickneſs and of the di ferent Number of - 
theſe Coats, as well in Timber compleatly formed as 


in the ſappy Part of the Mood. 


By Meſſrs. Burrox and Du HAuxr. 


E can never labour more uſeſully in phyſics, 

than by inveſtigating doubtful circumſtan- 
ces and by eſtabliſhing the true origin of thoſe 
which are attributed to imaginary. or inſufficient 
cauſes. It 1s in this view that Mr, Buffon and I 
have undertaken many reſearches in agriculture : 
that we have, for example, made obſervations and 
experiments on the growth and ſupport of trees, 
their diſorders and detects, on the plantation and re- 
eſtabliſhment of foreſts, &c. We began to render 
an account of the ſucceſs of our labour to the 
Academy, by the examination of a, matter which 
almoſt all authors of agriculture mention; but 
which (we do not heſitate to ſay) has been only 
foreſeen, and for which reaſon has been attributed 
to cauſes very remote from truth. 

All the world knows that, when the trunk of an iy 
oak is cut horizontally, for example, we perceive i 
in the heart and ſap lignous circles which ſurround | 
it; theſe circles are divided from each other by 


$i 
other 11 
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other lignous circles of a ſubſtance more rare, and if 
is theſe laſt which diſtinguiſh and divide the growth; 
of each year. It is natural to ſuppoſe, that with- 
out particular accidents, they ought to be nearly 
of an equal thickneſs and equally remote from the 
center. 5 

It is nevertheleſs quite otherwiſe and moſt au- 
thors who have treated on agriculture who have diſ- 
covered this difference, have attributed it to diffe- 
rent cauſes, and have deduced divers conſequences 
from it: ſome, for example, will have that we 
carefully examine the ſituation of young trees in the 
nurſery, to ſet them facing the eaſt in the place deſ- 
ſtined for them which gardiners term compaſs planting, 
they hold that the fide of the tree, which was op- 
poſed to the ſun in the nurſery, ſuffers infallibly 
when it is expoſed there. 

Others will have that the lignous circles of all 
trees are excentrical and always more remote from 
the center and axis of the trunk of the ſouth fide 
than of the north, which they propoſe to travellers 
who might be loſt in woods, as a certain means of 
finding their road, 

We have thought it our duty to aſſure ourſelves 
of theſe two circumſtances, and to diſcover whether 
trees tranſplanted ſuffer when they are in a contrary 
ſituation to that which they had in the nurſery, we 
choſe fifty aſpins which had been raiſed in a vine- 
yard, and not in a nurſery, in order to have ſub— 
jects whole expoſition was well decided. I] raiſed 
all theſe trees to a like height, the trunk being 
twelve or thirteen inches in circumference and be- 
fore we rooted them up, I marked a ſmall notch 
on the ſouth ſide, after which I planted them in two 
lines: obſerving to put them alternatively, one in 
the ſituation in which it was raiſed” and the other 


in a contrary ſituation, inſomuch, that I have had 
985 twenty- 
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twenty-five trees ſet towards the eaſt as in the vine- 
yard to compare with twenty-five others which were 
in quite an oppoſite ſituation ; by planting them 
thus alternatively, I have avoided every ſuſpicion 
which might have ariſen concerning the veins of 
the earth, whoſe quality ſometimes changes all at 
once. My trees are ready to give their third ſhoots, 
I have well examined them, and there dogs not ap- 
pear to me to be any difference between one and 
the other; it is probable that there will not be any 
hereafter; for, if the change of expoſition mutt 
produce any thing, it can only be in the firſt years 
and till the trees are accuſtomed to the impreſſions 
of the ſun and wind, which 1s faid to be capable 
of producing a ſenfible effect on theſe young 
ſubjects. 

We ſhall, nevertheleſs, not decide that this at- 
tention is ſuperfiuous in all caſes; for, we ſee in 
light earths, peach and apricot trees very high, 
planted in eſpaliers to the ſouth entirely dries to- 
wards the fide of the fun and ſubſiſts only by the 
fide of the wall. It ſcems therefore that in hot 
countries, or the ſouth ſlope of mountains, the ſun 
may produce a ſenſible effect on the part of the bark 
which is expoſed to it, but my experiments incon- 
teſtibly decides that in our climate and common 
ſituations, it is uſeleſs to tranſplant trees to an eaſt- 
ern direction. This is always an attention, which 
at leaſt, only confuſes when we plant trees in a 
row, for provided the trunks are a little crooked, 
they cauſe a great deformity when we have not 
judgment to place the curvature in the lineal direc- 
tion of the row. 

With reſpect to the excentricity of the lignous 
coats towards the ſouth, we have remarked that the 
compleateſt people in the arragement of foreſts, do 


not agree in this point. All in part agree with the 
Vol. VI. 0 ex- 
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excentricity of the annual coats, but ſome pretend 
that they are thicker on the northern fide, becauſe 
they ſay, the ſun dries the ſouth fide, and they reſt 


their opinon on the quick growth of trees of the 


northern countries which grow quicker than thoſe 
of the ſouth, 

Others, on the contrary, which compoſe the 
greateſt number, pretend to have obſerved that 
the coats are thicker on the ſouth fide, and to add 
a phyfical reaſoning to their obſervations, they ſay, 
that the ſun being the principal mover of the ſap, 
muſt determine it to paſs more plentifully in the 
part where it has the greateſt action, while the rain 
which often procecds from a ſouth wind moiſtens 
the bark, nouriſhes it, or at leaſt prevents the dry- 
ing which would have been done by the ſun, 

Theſe therefore, are the matters in doubt be- 
tween thoſe even who are in actual employ of ma- 
naging timber, and we muſt not be aſtoniſhed there- 
at, For different circumſtances produce different 
varieties, We ſhall prove it by many experiments, 
but before we relate them, it is right to forewarn, 
that in this place we diſtinguiſh oaks into two kinds, 
viz. thoſe Which bear acorns with long ſtalks, and 
thoſe which are almoſt tied to the branch. Each 
of theſe kinds affords three others, oaks which bear 
very thick acorns and thoſe of a moderate fize, and 
laſtly, thoſe whoſe acorns are very ſmall. This 
diviſion which wauld be imperfect to a botaniſt, 
is ſufficient to a forreſter, and we have adopted it, 
becauſe we perceived ſome difterence in the quality 
of timber of theſe kinds,' and befides, in our foreſts 
there is a very great number of different oaks whoſe 
timber is abſolutely fimilar, to which conſequently 
we have had no reſpect, 


EXs 
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EXPEKIMEDNT I. 
The 27th of March 1734, where the trees 


grew on the ſouth fide more than on the north, M. 
de Buffon, cauſed a large acorn oak to be cut as 
bout ſixty years old, about one and a half foot above 
the ſurface of the ground, that is to ſay, in the part 
where the branch commences to be round, for the 
roots of trees always cauſe trees to enlarge in 
breadth at their feet: this was ſeated in a border open 
to the eaſt, but a little covered on one fide to 
the north, and on the other to the ſouth. He 
cauſed the ſtroke to be made as horizontally as 
poſſible, and having placed the point of the com- 
paſs in the center of the annual circles, he diſ- 
covered that it coincided with that of the circum- 
ferences of the tree, and that all the fides were of 
equal thickneſs : but, having cauſed this tree to be 
cut twenty feet higher, the fide of the north was 
thicker than that of the ſouth ; he remarked that 


there was a large branch on the north ſide, a little 
below twenty feet. 


ER PERI HM 


The ſame day he cauſed a ſmall acorn oak, to 
be cut in like manner, a foot and a half above 
the earth, aged about eighty years, ſituate like the 
preceding : 1t was thicker on the ſouth ſide than 
on the north. In this tree he obſerved a very hard 


knot on the north fide which came from the 
roots. 


EX - 


þ 


U 
* 
5 
Ci 


2 
+: „ 


4 +. 


— 


* * * 
„ 


* NATURAL HISTORY, 


«4 
4 


EXPERIMENT III. 


The ſame day, he cauſed an acorn oak of a mo- 
derate ſize, to be cut, aged fixty years, in a part 
opened to the ſouth ; the ſouth fide was ſtronger 
than that of the north, but it was much leſs than 
that of the eaſt. He dug at the foot of the tree and 
perceived that the thickeſt root was on the eaſt fide, 
he afterwards cut this tree two feet higher, that is 
to ſay, near four feet from the earth, and at this 
height the north fide was thicker than all the reſt. 


EXPERIMENT IV. 


The ſame day he cut a large acorn oak about 
the ſame weight, about fixty years old, in a part 
Expoſed to the eaſt, and found it of equal thick- 
neſs on all fides ; but a foot and a half higher, 
i. e. three feet above the ground, the ſouth fide 
was thicker than of the north, 


EXPERTMENT V. 


Another large acorn oak, about thirty-five years 
old, expoſed to the eaſt, had increaſed more than 
one-third in thickneſs, on the ſouth fide than on 
the north: but, a foot higher, this inequality di- 
miniſhed, and a foot higher was of equal thickneſs 
on every fide : nevertheleſs by taking it higher the 
ſouth ſide was a little ſtronger. 


MEN YL 


Another large acorn oak, aged thirty-five years, 
expoſed to the ſouth, cut three feet above the earth, 
was a little ſtronger to the ſouth than to the north, 

bur 
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but much ſtronger in the eaſt than on any other 
direction. 


EXPERIMENT VII. 


Another oak of the ſame kind and acorn, ſituate 
in the middle of the wood, was equally grown on 


the ſouth and on the north ſides, but more on the 
eaſt than on the weſt. 


EXPERIMENT VIII. 
The 29th of March 1734, he continued theſe 


trials, and cut a large acorn oak, at a foot and a 
half above the earth ; the tree was handſome and 
forty years old, expoſed to the ſouth, it had in- 
creaſed in ſize on the north fide, much more than 
on any other, that of the ſouth was even weakeſt 


of all, having dug at the foof of a tree, he found 
the thickeſt root on the north fide. 


EXPERIMENT H. 


Another oak of the ſame kind, alike in age and 
poſition, cut at the ſame height of a foot and a 
half above the ſurface of the ground, had increaſed 
on the ſouth fide more than on the north, he dug 
the carth away at the foot, and found a thick root 


on the ſouth fide, but none appeared at the north 
fide, 


EXPERIMENT X. 


Another oak of the ſame kind, but fixty years 
old and abſolutely iſolated, was thicker on the 


north fide than on any other. By digging the 
thickeſt on the north fide, 1 
0 
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To theſe obſervations I might ſubjoin many othet 
like them which M. de Buffon cauſed to be exe- 
cuted in Burgundy, as well as a great number 
which I made in the foreſt of Orleans, which 
amounted to more than forty trees but the detail 
of which appeared to me to be uſeleſs. It is ſuf- 
ficient to ſay that they all afforded the decifion that 
the ſouth or north aſpect, is not all the cauſe of 
the excentricity of the lignous coats, but that it muſt 
be attributed rather to the poſition of the roots and 
branches, inſomuch, that the lignous coats are 
always thicker at the fide where there are more or 
ſtronger roots. Nevertheleſs we muſt not fail of re- 
lating an experiment which M. de Buffon has made 
and which is abſolutely decifive. 

The ſame day the 29th of March, he choſe an 
iſolated oak, to which he remarked was four roots 
nearly equal, and pretty regularly diſpoſed, ſo that 
each very nearly anſwered to one of the four car- 
dinal points and having cut it almoſt a foot and a 
half aboye the ſurface of the ground, he found, 
as he ſuſpected, that the center of the lienous 
coats coincided with that of the circumference of 
the tree, and that conſequently it had increaſed in 
thickneſs on all fides. 

What has fully convinced us that the true 
cauſe of the excentricity of the lignous coats, is the 
poſition of the roots, and ſometimes of the branches, 
and that of the ſouth or north aſpect, &c. influen- 
ced the trees to make them grow unequal, it can be 
only in an inſenſible manner; fince in all theſe 
trees, ſometimes the lignous coats of the ſide was 
the thickeſt, and ſometimes thoſe of the north, 
or of any other fide ; and that when we have cut 
trunks or trees at different heigths, we iound 
the lignous coats, ſometimes thicker. on one fide than 
ON the other. 


This 
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This laſt obſervation has engaged me to ſplit 
many trees in the middle : in ſome, the heart fol- 
lowed the axis of the trunk nearly in a right Kine ; 
but in the greateſt number, even in the moſt perfect 
timber of the beſt grain, he made inflexions in a 
zig zag form ; beyond that in the center of almoſt 
all trees, l have remarked, as well as M. de Buffon, 
at the thickneſs of an inch, or of an inch and an 
half towards the center, there were many ſmall 
knots, ſo that the wood was only formed free from 
them beyond that ſlight thickneſs. — 

Theſe knots doubtleſs proceed from the eruption 
of the branches, that the oak ſhoots forth abundant! 
when young, and which periſhing, is covered over in 
time, and form theſe {mall knots ; to which we muſt 
partly attribute that irregular direction of the heart 
which is unnatural to trees, It may alſo proceed 
from their having loft their inclination in their youth, 
cither by the froſt, cattle, power of the wind, or 
ſome other accident, for they are then obliged to 
nouriſh the laternal branches, and the heart of theſe 
branches not anſwering that of the trunk, a change 
of direction is made: it is true, that by degrees 
theſe branches are again ſupplied; but there always 
remains an inflexion in the heart of theſe trees. 

We have not therefore perceived that the expo-. 
ſition any ſenſible effect on the thickneſs of the 
lignous coat, and we ſuppoſe that when more is 
remarked on one ſide, than on the other, it almoſt 
always proceeds from the infertion of the roots, or 
from the eruption of ſome branches, whether theſe 
branches actually exiſt, or that having periſhed, 
their place is covered over. The cicatrix wounds, 
makes, and double ſap, in a tree, may likewiſe 
produce this augmentation of thickneſs in the lignous 
coats; but we do not abſolutely think it independent 


of the expoſition, we ſhall ftill prove by many 
familiar obſervations, 


OB- 


—_ — 


U 
1 
j 
11 

| 


b | Et = r 
n 


_ — - 


GS 7 


———_ oi nt, > 
. at 
= r 


4» NATURAL HISTORY. 


OBSERVATION I. 


It may have been univerſally remarked in orchards, 
that trees have had one branch ſtrong and vigorous, 
while the reſt remained weak and languiſhing. If 
we dig at the foot of theſe trees to examine their 
roots, we ſhall find nearly the ſame thing as above 
the earth, that is to ſay, that on the fide of the 
vigorous branch, there will be vigorous roots, while 
thoſe on the other fide will be bad. 


OBSERVATION I. 


If a tree is planted between a cultivated and an 
uncultivated piece of land, generally the part of the 
tree on the cultivated fide will be greener and more 
vigorous, than that on the other. 


OBSERVATION II. 


We often find a tree loſe a branch ſuddenly, and 
if we dig at the foot of it, we generally find the 
cauſe of this accident, in the bad cendition in which 


roots are found, which anſwered to the perithed 
branch. 


ION IV. 


If the thick root of a tree is cut, as is ſometimes 
done to make it bear fruit, or to prevent it only 
flouriſhing on one of its branches, that part of the 
tree which correſponds to the root anguithes ; but it 
does not always happen, that it is that part we are 
deſirous of weakening, becauſe we are not always cer- 
tain to what part of a tree the root carries its nutri- 
ment, and one and the ſame root often carries it 

to 


NATURAL HiSTORY. 41 


to ſeveral branches; we ſhall ſpeak of this matter 
| ſhortly, 


OBSERVATION V. 


Let a tree be ſplit from one of its branches, 
through its trunk, as far as one of its roots, we ſhall 
remark that the branches, are formed like a bundle 
of fibres which are a continuation of the longitudi- 
nal fibres of the trunk of the tree. 

All theſe obſervations ſeems to prove that the” 
trunks of trees are compoſed of different bundles of 
longitudinal fibres, which by one end anſwers to a 
root, and by the other ſometimes to one, and at 
other times to many branches ; ſo that each bundle 
of fibres appears to receive its nutriment from the 
root, of which it is a continuation. According to 
this, when a root petiſhes, the drying of a bundle 
of fibres muſt follow in one part of the trunk, and 
In the correſponding branch, but it muſt be re- 
marked : | | 

iſt, That in this caſe the branches only languiſh, 
and do not entirely die. 

2d. That having grafted a branch of a ſtrong, 
flouriſhing elm in the middle, which was loaded 
with other ſmall branches, the boughs which were 
on the lower part of the grafted branch, ſhoot out, 
though much weaker than thoſe of the ſubject; 
and Five ſeen at the Charteux de Paris, an orange 
tree grow in this ſituation four or five months on the 
wild ſtock where it had been grafted. Theſe ex- 
periments prove that the nutriment which is driven 
to one part of a tree is communicated to all the reſt, 
and conſequently the ſap has a motion of lateral 
communication. On this ſubject we may ſee the 

experiments of Dr. Hales, but this lateral motion 
does not fo greatly hurt the direct motion of the 

Vor. VI. f ſap 
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the ſap; to prevent it from going in greater abun- 
dance to the part of the tree, and even to the bun- 
dle of fibres, which correſponds to the root which 
ſupplies it ; and this is the cauſe that it principally 
dittributes itſelf to one part of the branch of the 


tree, and that we commonly lee the part of a tree 


to which a vigorous root correſponds, increaſe 
more than all the reſt, as may be remarked in 
trees on the borders of foreſts, for their beſt roots 
being almoſt always on the fide of the field, is the 
reaſon that. the lignous coats are commonly the 
thickeſt on that ſide. 


Therefore it appears by the experiments above 


related, that the lignous coats are thicker in the 


parts of the tree where the ſap has been carried in 
greateſt abundance, whether it proceeds from the 
roots or the branches, for it is known that both act 
in concert for the motion of the ſap. _ 

It is this abundance of ſap which cauſes the ſappy 
part of wood to transform ſooner into timber: from 
this depends the relative thickneſs of ſound timber 
from the ſappy part in different ſoils, and in di- 
vers kinds; for the ſappy part is no other than im- 


perfect timber, a timber leſs denſe, which has need 


for the ſap to paſs through it, and depoſit the fixed 
parts to fill up its pores, and render it like timber: 
the part in which the ſap lies will paſs in greateſt 


_ abundance, will be therefore that which will moſt 


readily transform itſelf into ſound wood, and this 


, transfofmation in the ſame kinds, muſt follow the 
. quality of the ſoil. 


EXPERIMENTS. 


M. vs Burrox cauſed many oaks to be ſawed 
at two or three feet diſtance from the earth, and 
| hav- 
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having ſmoothed the place where it was cut with 
a plain, he made the following remarks : 
An oak 46 years. old, had 14 annual coats of 


ſappy wood on one fide, and on the other it had 
20: nevertheleſs the 14 coats were 4 thicker than 


the 20 on the other fide. 
Another oak which ſeemed to be of the ſame 
age, had 16 coats of ſappy wood on one fide, and 


on the oppoſite 22 : nevertheleſs the 16 coats were 
+ thicker than the 22. 


Another oak of the ſame age, had 20 coats of 


ſappy wood on one ſide, and on the oppoſite 24 : 
nevertheleſs the 20 coats were 4 thicker than the 


2.4. 
Another oak of the fame age, had 10 coats of 


ſappy wood on one fide, and on the oppoſite 15: 


nevertheleſs the 10 coats were 4 thicker than the 
15. 


nevertheleſs the 14 were almoſt twice as thick as 
thoſe of the 21. 


An oak of the ſame age, had 11 coats of ſappy 
wood on one ſide, and on the oppoſite 17: never- 


theleſs the 11 were almoſt twice as thick as thoſe 
of the 17. | 

He made fimilar obſervations on the three kinds 
of oaks, which aro generally found in woods and 
perceived no diflercnce, 

All theſe experiments prove that the thickneſs 
of the ſappy part of wood is fo much the greater, 
according as the number of coats which form it is 


leſs. This circumſtance appears ſingular, the ex- 


planation of it, however, is very eaſy ; to render 


it clearer, let us for a moment ſuppoſe, that only 
two roots are left to a tree, the one to the right, 


double that which is to the left, if we pay no at- 


ten- 


Another oak of the ſame age, had 14 coats of 
ſappy wood on one fide, and on the other 21: 
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tention to the lateral communication of the ſap, the 
right fifle of the tree would receive as much nutri- 
ment again as the left, the annual circles would 
thicken therefore more to the right than to the left; 
and at the ſame time the right part of the treg 
would be more readily transformed into perfect 
wood than the left, as it would depoſit 1n the inter- 
ſtices of the ſappy wood a greater number of fixed 

rts proper to form timber. N 

It therefore appears to us perfectly proved, that 

among many trees planted in the ſame ſoil, thoſe 
which grow the faſteſt have their lignous coats 
rhickeſt, and that at the ſame time their ſappy 
part is ſooner converted into wood, than in trees 
which grow but flowly. We ſhall now ſhew that 
oaks which have grown in poor ground have more 
br wood, in proportion to the quantity of their 
wood, than thoſe which grow in rich ground. Ef- 
fectively, if the ſappy part is not converted into 
perfect timber, but in proportion as the ſap which 
traverſes it, depoſits fixed parts therein, it is evi- 
dent that the . wood, will be much longer 
before it is converted into timber in poor ground 
than in rich. | 

Trees which grew in the part where there was a 
leſs quantity of good earth, were not ſo thick, their 
lignous coais were thinner than the reſt : there was 
2 greater number of ſappy coats, and generally 
even more ſappy wood in proportion "to the thick» 
neſs of the wood; I ſay in proportion to the wood, 
for if we meaſure with a rule, we ſhall com- 
monly find it much thicker in good ground than in 
the other. 

M. de Buffon has purſued theſe obſervations 
ſtill farther, for having felled in a dry and e 
foil, a great number both of the middling and ſmal- 
ler acorn oaks, all about 46 years old: 1 om 

elle 
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ſglled as many oaks of the ſame kind and ſame age 
in 2 good ſoil, where the wood crowned later: 
theſe two ſoils are about a piſtol ſhot from each 
other, in the ſame expoſition, and differ only in 
quality and depth of good earth, which is in one 
tome feet, and in the other only eight or nine 
inches. With a rule and compaſs we took the mea- 
{ures of all theſe different trees, and after having 
made a table of them all, we found : : 


1. That at the age of 46 years, the common or 
middling fized acorn oak in poor ground, had one 


part of ſappy woed and 2 + = of heart, and the 
ſmall acorn oak one part ſappy wood and 1+% 


of heart, therefore in poor ground the firſt has 
twice the heart of the laſt, 


2. That at the age of 46 years, the common 
oaks in guod ground had one part of ſap and 2 f 
heart ; therefore, in good ground, the firſt has = 
more heart than the laſt. 


3. That at the ſame age of 46 years, the com- 
mon oaks in a poor foil had 16 or 17 lignous ſappy 
coats, and the ſmall acorn oaks had 21 ; therefore, 
the ſappy part is ſooner converted into heart in the 
common oaks, than in the ſmall acorn oaks. 


4. That at the age of 46 years, the thickneſs of 
ſerviceable timber, comprehending the ſappy part 
of the ſmall acorn oak in bad ground, is to the 
thickneſs of ſerviceable wood of oaks of the ſame 
kind in good ground as 214 are to 29 ; from whence 
by ſuppoſing the heights equal, we reckon the pro- 
portion of ſerviceable wood in good ground to the 
quantity in bad, as 841 to 462, that is to ſay, 


nearly 
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nearly double: and as trees of the ſame kind riſe 
in proportion to the goodneſs and depth of the 
earth, we may be affured that the quantity of 
wood which a good ſoil furniſnes is much more than 
double that produced in bad ground. We here 
ſpeak only of ferviceable wood, and not at all of 
underwood : for, after having made the ſame trials 
and experiments, and the {ame calculations on trees 
much younger, as from 25 to 30 years, in good- 
and bad ground, we have found that the differences 
were not by far ſo great; but as this detail would 
be rather too long, and as beſides, ſome experi- 
ments enter therein on the ſappy part, and the 
heart of oak according to the different ages, on the 
abſolute time the ſappy part requires to transform 
itſelf into heart, and on the produce of poor ground, 
compared to the produce of good ground, we fhall 
refer it to another opportunity, 
It is not therefore to be doubted, but that in poor 
ground, the ſappy part is thicker in proportion to 
the wood, than in good ground, and although we 
{ſhould here only ſpeak of the proportion of ſound. 
trees, nevertheleſs we ſhall remark en paſſant that 
thoſe which were a little damaged, had al- 
ways more ſappy wood than the reſt. We alſo 
took the ſame proportion of the heart and ſappy 
wood in oaks of diiferent ages, and have diſcovered 
that the lignous coats were thicker in young trees 
than in old, but alſo that there were a much lets 
quantity. Let us therefore conclude from our ob- 
{ervations and experiments : 
1. That in all caſes where the fap is carried in 
reater abundance, the lignous coats as well as the 
= are thicker, whether from the abundance ot 
this ſap is an effect of the goodneſs of the ground, 
gr of the good conſtitution of the tree, or that it 


de- 
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depen: 02 40 ze of a tree, or the poſition of the 
roots, bias, &c. 

2. That the ſappy part is converted ſo much the 
ſooner inw wood, as the ſap is carried in grooms 


abundance in trees, or in one portion of theſe trees 
than in another, which follows from what we have 
Juſt advanced. 

3. That the excentricity of the lignous coats de- 
pends entirely on the abundance of the ſap, which 
is found greater in one portion of the tree than ano- 
ther, which is always produced by the vigour of the 
roots or branches, which anſwer to the parts where 
the coats are the thickeſt, and fartheſt from the 
center. 

4. That the heart of the tree very rarely follows 
the axis of the trunk, which is ſometimes produced 
by the unequal thickneſs of the lignous coats, Which 
we have juſt mentioned; and ſometimes by the 
wounds covered over, or from extravaſions of ſub- 
ſtance, ad often by accidents which have cauſed 
the aſcending principle to periſh, 
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ST 1 


AN can only judge of the nature and 

extent of che univeite, by the ſimple re- 

lation of his fight: to him the earth 

is a ſolid, whoſe volume is unbounded, and 
whoſe extent is without limits; of which he can 

oaly with trouble turvey ſmall ſuperficial ſpaces ; 

while the ſun, planets and the immenſity of the 
heavens, preſent to his CyC5, only luminous points, 
of which the tun and moon appear to him to be 
ti: only objects worthy to fix his regards. To this 
t..te idea on the extent of the nature, and propor- 
tions of the univerſe, is preſently joined the ſtil! 
more diſproportionate ſentiment of pretention: man 


by 


— — 
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by comparing himſelf with other terreſtrial beings, 
finds himſelf the firſt, hence he preſumes that all 
was made for him: that the carth was created onl 
to ſerve him for an habitation, and the heaven for 
a ſpectacle; that in ſhort, the whole univerſe ought 
to yield ro his necefiities, and even his plealures, 
But in proportion as he makes uſe of that divine 
light, which alone ennobles his being, in propor- 
tion as he gains more inftruction, he has been forced 
to abate his pretenſions; he finds himſelf leſſened 
in proportion as the univerſe increaſes on him, 
and it becomes demonſtrable to him, that this earth 
Which forms all his domain, and on which unfor- 
tunately he cannot ſubſiſt without trouble and ſor— 
row, is in proportion as {mall with reſpect to the 
univerſe, as he is with reſpect to the Creator. In 
fact, it is no longer poſfible to doubt, that this earth 
ſo large and extenſive as it is, is but a moderate 
fized planet, a ſmall maſs of matter, which circu- 
lates along with others around the ſun : that this 
body of light and fire is no more than 1,200,000 
times larger than the globe of the earth, and that 
its power does not extend to all the bodies which 
circulates round it: infomuch that our globe being 
33 millions of miles at leaſt diſtant from it, the planet 
of Saturn is found to be 313 millions of miles dif- 
tant, from which we cannot help concluding that 
the extent of the fun's empire, that king of nature, 
is a ſphere, whoſe diameter is 627 millions of le2- 
gues, whereas that of the carth is only 2865 : and 
if we take the cube of thele two numbers, we ſhall 
_ demonſtrate that the earth is ſmaller relative to 
this ſpace, than a grain of ſand 1s relative to the 
whole volume of the globe. 
However the planet of Saturn, although the far- 
theſt from the ſun, is not near the confines of his 
empire : the linuts extend much farther, fince co- 
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mets beyond that diſtance, paſs over ſpaces which 
may be ettumated by the period of the time of 
their revolutions : a comet which like that of the 
year 1660 circulates round the ſun in 575 years, 
is 15 times more remote from that body, than Sa- 
turn is diſtant from it; for the great axis of its 
orbit is 138 times greater than the diſtance from 
the earth to the tun. Hence we muſt ſtill augment 
the exient of the folar power 15 times the diſtance 
ſrom the 1un to Saturn, 10 that all the ſpace in which 
the planets are included is only a ſmall province of 
the domain of this body, whoſe bounds ſhould be 
placed at leaft 138 times the diſtance from the ſun 
to the earth, that is to ſay, 138 times or 34 mil- 
lions of leagues. 

What immenſity of ſpace! What quantity of 
matter | For independent of the planets, there pro- 
bably exiſts 4 or 500 comets, perhaps larger than 
the earth which run over the diflerent regions of 
this vaſt ſphere in all directions, the terreſtrial globe 
only conſtituting a part thereof, a unity on 191, 
201, 612, 985, 514, 272,000, à quantity repre- 
tenied by theie numbers, but which imagination 
cannot attain nor comprehend. Is this not ſuffici- 
ent to render us, our poſterity, and our great habt- 
tation, imaller than atoms? 

Nevertheleſs this enormous extent, this vaſt ſphere 
is yet only a very {mall ſpace in the tmmenfity of 
the heavens ; each fixed tar is a ſun, a center of a 
ſphere quite as vaſt ; and as we reckon more than 
2000, perceived by the naked eye, and as with tele- 
ſcopes we can diſcover ſo much thegreater number 
as theſe inftruments are more powerful ; the extent 
of the univerſe appears to be without bounds, and 
the ſolar ſyſtem forms only a province of the uni- 
verſal empire of the Creator; an infinite empire 
like himſelf. 
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Sirius the moſt brilliant fixed flar, and which 
for that reaſon may be regarded as the neareſt ſun 
to ours, aftords to our fight only a ſecond of annual 
paraliax on the whole diameter of the earth's orbit, 
0771779 millions of agnes diffince from us, that 
is to fay, at 6767216 millions from the limits of 
the ſolar ſy Hen: {uch as we have athgned them 
after the depth © wich comeis immerge. Suppo— 
ſing therefore that there is an equal ſpace from 
Sirius to that whica belongs to our ſun, we ſtill 
ſhali perceive that we mult ſtill farther extend the 
limits of our ſolar ſy em 7.42 times more than it at 
preſent is, as far as the aphelion of the comet, 
whoſe enormous diſtance from the ſun is neverthe- 


leis only a unit on 74 of the total diameter of the 
ſolar ſyſtem. 


Diſtance from the earth to the ſun 33 mill. of leagues 


Diſtance from Saturn to the (un 313 ditto 
Diſtance from the aphelion of the 

comet to the fun - - .- - = 4554 ditto . 
Diſtance from Sirius to the fun - 677170 ditto 


Diftance of Sirius to the point of the 

aphelion of the comet, ſuppoſing 

that in aſcending from the ſun the 

comet pointed directly towards 

Sirius (a ſuppoſition which dimi— 

niſhes the diſtance as much as 

e)) 67 67 216 ditto 
One half the diſtance from Sirius to 

the ſun, or the depth of the ſolar 

and fircin Ivitem - - - - 3385885 ditto 
Extent beyond the limits of the co- 

met's aphelion - - 3381331 ditto 
Which being divided by the di ance 


of the comet's aphelion, ak es a- 
bout. 
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We can form another idea of the immenſe diſ- 
tance from Sirius to us, by recollecting that the 
ſun's diſk forms to our fight an ange of 32 minutes, 
whereas that of Sirius forms only that of a ſecond ; 
and Sirius being a ſun like ours, which we (hall 
ſuppoſe of equal magnitude, fince there is no more 
reaſon to ſuppoſe it larger or ſmaller, it would ap- 
pear to us as large as the ſun, if it was but at a 
like diſtance. Taking therefore two numbers pro- 
portional to the ſquare of 32 minutes, and to the 
ſquare of a ſecond, we thall have 3686400 for the 
diſtance of the earth to Sirius, and one for its diſ- 
tance to the ſun; and as this unit is equal to 
33 millions of leagues, we ſee how many mil- 
lions of leagues Sirius is diſtant from us, fince 
we muſt multiply theſe 33 millions by 3686400, 
and if we divide the ſpace between theſe two neigh- 
bouring ſuns, although at ſo a great a diſtance, we 
ſhall ſee that the comets might be removed to a 
diſtance 1800000 times greater than that of the 
earth to the ſun without quitting the limits of the 
folar univerſe, and without being ſubjected to other 
laws than that of our ſun, and hence it may be con- 
cluded that the ſolar ſyſtem for its diameter has an 
extent, which, although prodigious, nevercheleſs 
forms only a very ſmall portion of the heavers; 
and we muſt infer a truth therefrom but little 
known, which is, that from all the points of the 
planetary univerſe, that is to ſay, from the ſun, 
earth, and all the other planets, the {ky muſt ap- 
pear the ſame. 

When in a ſerene and fine night we contemplate 
all thoſe ſtars with which the celeſtrial vault is illu— 
minated, it might be 1n:agined that by being con- 
veyed into auother planet more remote from the 
ſun than it is from the earth, we ſhould ſee theſe 
glittering ſtars larger, and emitting a brighter light, 
ſince 
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finc2 we ſhould ſee them nearer to us. Neverthe- 
leis, the kind of calculation, we have juſt made, 
demonftrates that if we were placed in Saturn, 1. e. 
nine or ten times further from our ſun, and 300 
millions of leagues nearer Sirius, it would appear 
to us no bigger than the one 12402 fſt part, an 
augmentatioa abſolutely infenſible: from which it 
muſt be concluded, that the heaven with retpect to 
all the planets, has the ſame aſpect as it has to the 
earth. 

Therefore if even there ſhould exiſt comets whoſe 
periods of revolution might be double, treble or 
decuple the period of 575 years, the longeſt known 
to us: if even the comets in confequenc e thereof, 
immerge at a depth ten times greater, there 
would ftill be a ſpace 74 or 75 times deeper to 
reach the laſt contines, as wel! of the ſolar ſyſtem, 
as of the ſyrian ; fo that by allowing Sirius as much 
magnitude as our ſun has, and ſuppoting in his ſyſ- 
tem as many or more cometary bodtes then there are 
comets exiſting in the ſolar ſyntem, Sirius will govern 
them as the ſun governs his, and there will remain 
an immenſe interval between the confines of the 
two empires; an interval which appears to be no 
more than a deſert in the vaſt ſpace, and which 
muſt give a ſuſpicion that cometary bodies do exiſt, 
whoſe periods are longer, and which are to a 
much greater diſtance than we can determine b 
our actual knowledge. Strius might alſo be a fun 
much larger and more powerful than ours: and if 
that is the caſe, it muſt throw the borders of his 
domain ſo much the farther back by approaching 
them to us, and at the lame time retrench the cir- 
cuinference of the ſun, 

We cannot here avoid preſuming in fact, that in 
this very great number of fixed ſtars, which are 
all fo many ſuns, there are ſome greater and others 


ſmaller 
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ſmaller than ours, others more or lefs luminous, 
ſome nearer which are repreſented to us by thoſe 
ſtars called by aſtronomers, ars ef the i magnitude, 
and many others more remote, which for that reaſon 
appear to us ſmaller : the ſtars called nebulcus, ſeem 
to want light and fire, and to be, as I may ſay, 
only half-lighted ; thoſe which appear and difap- 
pear alternatively, have perhaps a form flattened 
by the violence of the centrifrugal force in their 
motion of rotation: theſe ſuns ate perceived when 
they are in the full and diſappear when they are 
ſideways. In this grand order of things, and in the 
nature of the ſtars, there are the {ame varieties, 
and the ſame differences, in number, ſize, ſpace, 
motion, form and duration: the ſame relation, the 
ſame degrees, and the {ame connection as are found 
in all the other orders of the creation, | 

Each of the ſuns being endowed like ours, and 
like all matter, with an attracttwe power, which 
extends to an indefinite diſtange, and decreaſes as 
the ſpace increaſes, analogy leads us to think that 
within the ſphere of each of theſe luminous ſtars, 
there exiſts a great number of opaque bodies, 
planets or comets which circulate round them but 
which we perceive oniy by conception, ſince be- 


ing obſcure and much ſmaller than the ſuns which 
terre them for, heat, they are beyond the reach of 
our light, and even all which can extend or per- 
fectionate it. | | 

It might therefore be imagined that comets paſs 
from one ſyſtem to the other, and if they are found 


/ 3 
on the confines of the two empires, they will be 


attracted by the preponderating power, and forced 


to obey the laws of a new maſter. But, by the 


immenſity of {pace which 1s beyond the aphelion 


of our comets, 1t appears that the fovereign ruler 
has ſeperated each ſyſtem by deſarts a thouſand 
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and a thouſand times larger than all the extent of 
known ſp-ces. Thee detarts of which numbers 


Cannot ho the depth of, are eternal and invin- 


cible barriers, wh:cn all the powers of created na- 
ture canuot ſurmount. To form a communication 
from one ly ſtem to the other, and for the ſubjccts 
of one empire to paſs into the other, it would be 
requitite that the ſeat of the throne was not iramove- 
able; fur the fixed ſtar or rather the ſun, the kin 
of this ſyſtem changing place, would draw with it 
in its courte all the bodies which depend thereon, 
and hence might approach and invade another 
demeſne. If its rout was directed towards a weaker 
ſtar, it would commence by carrying offthe ſubjects 
of 1 its moſt diſtant provinces, afterwards thoſe more 
interior, and would oblige them all to increaſe its 
train by revolving round it, and its neighbour thus 
deprived of its ſubjects, no longer having planets 
nor comets would at the fame time loſe both its 
light and fire, which their motion alone can excite 
and ſupport : hence this iſolated ſtar being no lon- 
ger maintained in its place by the equilibrium of 
its forces, would bc obliged to change nutrition, 
by changing nature, and becoming an obtcure bod 
would like the rett obey the power of the con- 
queror, whoſe are would ingreate in Proportion to 
the number of its conqueits. 

For what can be ſaid on the nature of the tun, but 
that it is a body of proatgious volume, an enormous 
maſs of matter penetrated * fire, vw Lk appears like 
a metal or a ſolid body in incandeſc ence And from 
whence can this conttant 7 of incandeſcence, 
this continually renewed Pr duction of b: re proceed, 
whoſe conſumation does not appear to be ſupported 
by any ment, 5 whote deperdition is null, or 
at les®Finfenfible, althoueh conftant for ſuch a 
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great number of years ? Is there, or can there be 
any other cauſe of the production of this per- 
manent fire, but the rapid motion from the ſtrong 
preſſure of all bodies, which revolve round this 
common heat, and which heats and embraces 
it, like a wheel rapidly turned round its axis? 
The preflure, which they exerciſe by virtue of 
their weight is equivalent to the friction and is 
even more powerful, becauſe this preſſure is a pe- 
netrating power, which not only rubs the external 
ſurface, but all the internal parts of the maſs: the 
rapidity of their motion is ſo great, that the fric- 
tion acquires a force almoſt infinite, and conſequent] 
{ets the whole maſs of the axis; in a ſtate of incan- 
deſcence, light, heat, and fire, which from hence 
has no need of aliment to be ſupported, and which 
in ſpite of the deperdition each day made by the 
emiſſion of light, may remain for ever and ever 
without any ſenfible alteration : other ſuns render- 
ing as much light to ours, as it ſends to them, and 
no part of the ſmalleſt atom of fire, or any other 
matter ſ»ever, being loſt in a ſyſtem where all is 
attracted, 

If from this ſketch of the great table of the 
heavens, which I have only attempted to repreſent 
to myſelf the proportion of the ſpaces, and that 
of the motiop of bodies which travel over them: 
if from this point of view, to which I only raifed 
myſelf more clearly to ſee how greatly nature muſt 
be multiplicd in the different regions of the unt- 
verſe, we deſzend to that proportion of ſpace 
which we are better acquainted with, and in which 
the ſun exerciſes its power, we ſhall diſcover that 
although by its power it governs all bodies which 
are in it, it nevertheleſs has not the power of 
vivifying them, nor even the power of ſupporting 
vegeration and lite. 
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Mercury who of all bodies revolving round the 
ſun, is the neareſt to it, nevertheleſs receives only 


a heat ; times ſtronger than that of the carth, and 
this heat g; times ſtronger than the heat ſent from 


the ſun to the earth, very far from being burnin 
as it has always been ſuppoſed, would not be ſtrong 
enough to ſupport animated nature, for the actual 


heat of the ſun of the carth, being only = part 


of that of the heat of the terreſtrial globe, that of 


the ſun on Mercury conſequently is 25 or 8 part 


of the actual heat of the earth. Now if we ſub- 
ſtract from the & and 4 the heat which is at pre- 
ſent the temperature of the earth, it is certain 
that animated nature would be much ſtopt, if not 
entirely extinguiſhed : and fince the ſun alone 
cannot maintain organized nature in the neareſt 
planet, by a ſtronger reaſon, how much. would it 
not require to animate or vivify thoſe which are 
at a greater diſtance from it? To Venus it only 


ſends a heat 2,, times ſtronger than that it ſends 


— 
30 


to the earth, and this heat 2,, times greater than 


50 
that of the ſun on the earth, very far from bein 
ſtrong enough to ſupport animated nature, woul 
not certainly ſuffice to ſupport the liquidity of 
water, nor perhaps even the fluidity of air, ſince 
our actual temperature would be refrigerated to 


= or 2 which is very near the term 25 which we 
have given as the external limit of the ſlighteſt 
heat, relative to living nature. And with reſpect 
to Mars, Jupiter, Saturn, and all their Statellites, 
the quantity of heat which the ſuns ſends to them 


in compariſon with that which is neceſſary for the 
N ſup- 
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ſupport of nature, which be looked upon as a 
nul effe&, eſpecially in the two larger planets, 
which nevertheleſs appear to be the eſſential ob- 


jects of the ſolar ſyſtem. 
All the 28 without excepting Mercury, 


might therefore be, and always have been volumes 
(as large as uſeleſs) of matter more than dead, pro- 
foundly frozen, and conſequently places inhabited 
from the earlieſt times, and inhabitable for ever 
if they do not include within themſelves treaſures 
of a fire much ſuperior to that they receive from 
the ſun. This quantity of heat which our globe 
poſſeſſes of itſelf, and which is go times greater 
than the heat which comes to it from the ſun, is in 
fact the treaſure of nature, the true fund of fire, 
which animates us, as well as every being: it is 
this internal heat of the earth which cauſes all 
things to germinate, and all to develop: it is that 
which conſtitutes the element of fire, properly cal- 
led an element, which alone gives motion to other 


elements, and which if it was reduced to could 


not conquer their reſiſtance, and would itſelf fall 
into an inertia ; now this element, this ſole active 
power, the ſole which may render the air fluid, 
the water liquid, and the earth penetrable, might 
it not have been given to the terreſtrial globe alone ? 
Does anagoly permit us to doubt that the other 
planets do not likewiſe contain a quantity of heat, 
which belongs to them alone, and which muſt 
render them capable of receiving and ſupporting 
living nature ? Is it not greater and more worthy 
the idea we ought to have of the Creator, to 
ſuppoſe that there every where exiſts beings, who 
acknowledge his power and celebrate his glory, 
than to depopulate all the univerſe, exceptinl 

the earth, and to deſpoil it of all beings, by 


re- 
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reducing it to a profound ſolitude, in which we 
ſhould only find a defart ſpace, and frightful maſ- 
ſes of matter entirely inanimate. , 

It is therctore neceſſary, ſince the heat of the 
ſun is ſo ſmall on the earth, and on the other pla- 
nets, that all poſſeſs a heat which ſolely belongs to 
them, and we ſhouid make our reſearches from 
whence this heat proceeds which alone can conſti— 
tute this element of fire in each of the planets, 
Now where ſhall we be able to diſcover this great 
quantity of heat, if it is not in the ſource itſelf of 
all heat, in the ſun alone, and the matter of which 

the planets have been formed and projected by a 
ſole and like impulſion, will have preſerved their 
motion in the ſame direction and their heat in pro- 
portion of their magnitude and denfiry, Who— 
ever will weigh the value of theſe analogics, and 
will conceive the power of their relations, will not 
doubt but that the planets have iſſued from the 
ſun, by the ſtroke of a comet, becauſe in the 
ſolar ſyſtem there are only comets that are 
ſufficiently powerful, and of ſufficient motion to 
be able to communicate a fimilar impulſion to 
maſſes of matter which compoſe the planets, If 
to all theſe circumſtances on which I have found— 
ed this hypotheſeſis we unite the new circumſtance 
of the innate heat of the earth, and of the inſuf— 
ficiency of that of the tun to ſupport nature, we 
mall reſt perſuaded, as I am, that in the time of 
their formation, the planers and carth were in a 
ſtate of liquefaction, atterwards in a ate of 1n- 
candeſcence, ani at laſt in a ſucceſave ſtate of heat, 
always decreaſing from incandeſcence to actual 
temp<rance. 

For otherways 1 is there any mode of conceiving 
the origin and duration of this heat proper to the 
earth? how to imagine that the fire termed cent- 
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ral can, in fact, ſubſiſt at the bottom of the globe, 
without air, that is to ſay, without its firſt, ali- 
ment and from whence this fire ſhould proceed, 
which is ſuppoſed to be ſhut up in the center of 
the globe, what origin, what ſource ſhall we find 
for it ? Deſcartes, has already imagined the earth 
and planets were only {mall incruſted ſuns, that 
is to ſay, entirely extinguiſhed. Liebnitz, have 
not he ſitated to pronounce that the terreſtrial globe 
wes its ſource and the 33 of its matters 
to the element of fire: and, nevertheleſs theſe 
two great philoſophers, had not 8 far, ſo many 
eircuniſtances, ſo many obſervations, which has 
been acquired and collected in our days; theſe 
circumſtances are actually fo very numerous and 
fo well. cftabliſhed, that it appears to me more 
than probable, that the earth as well 25 the planets 
have been projected out of the ſun and conſc- 
quently of a like matter, which, at firſt, bein 
in a ſtate liquifaction, have obeyed the centrifugal 
power, at the ſame time as it collected itſelf together 
by that cf attraction, which has given a round form 
to all the pl-nets under the equotor, and flattened 
under the poles, by reaſon of the variety of their 
rotation; that aiterwards this fire being by 
little and little diſßpated, the benign tempera- 
ture and ſuitable to organifed nature has ſucceed- 
ed either fooner or later in different planets, ac- 
cording to the difference of their thickneſs or den- 
ſity. And it even there ſhould be other parti- 
cular cauſes of heat aſhgncd for the earth and 
planets, which might combine with thoſe whoſe 
effects we have calculated, our reſults are not leſs 
curious, nor les uſeful to the advancement of 
{cience. We thall hereafter ſpeak of theſe parti- 
cular cauſes of heat: all that can here be ſaid, 
not to complicate objects is, that theſe particular 


cauſes 
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cauſes may till prolong the time of the refrigera- 
tion of the globe and the duration of living nature, 
beyond the terms we have indicated. 

But, it may be aſked me, 1s your theory as 
equally well founded in every point which ſerves it 
for baſe ? It is certain, according to your experi- 
ments, that a globe as big as the earth, and com- 
poſed of the ſame matters, cannot refrigerate 
from incandeſcence to actual temperature, but in 
74000 years, and, that in order to heat it to the 
point of incandeſcence, a 15th of this time would 
be required, that is about 5000 years; and alſo, 

it would be requiſite for this globe to be ſurround- 
ed all this time by the moſt violent fire; hence 
there are, as you may ſay, ſtrong preſumptions 
that this great heat of the earth could not com- 
municate to it from a diſtance, and that confe- 
quently the terreſtrial matter formerly made a part 
of the maſs of the ſun; but it does not appear 
equally proved that the heat of this body on 


the earth, is at preſent but = 750 part of the heat 


of the globe. The teſtimony of our ſenſes ſeems 
to refute this opinion, which you lay down as a 
certain truth, and although we cannot doubt that 
the earth has not an innate heat, which 1s demon- 
ſtrated by its always equal temperature in all deep 
places where the coldneſs of the air cannot com- 
municate ; does it reſult that this heat, which ap- 
pears to us as moderate temperature, 1s neverthe- 
leſs greater than the heat of the ſun which ſeems 
to burn us ? 

I can give full ſatisfaction to all theſe ob- 
jections; but muſt previouſly reflect on the na- 
ture of our ſenſations. A very flight and often 
imperceptible difference in the reality or. in the 
proportion of cauſes which affect us, produces 


a great 
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a great number in their effects. Is there any thing 
nearer extreme pleaſure than grief, and who can 
aſſign the diſtance between the lively ſenſation 
which dclightfuily moves us, and the friction 
which hurts us, between the fire which warms and 
that which burns, between the light which is a- 
greeable to our fight and that which blinds us 

between the favour which pleaſes our taſte an 

that which diſpleaſes it, between the ſmell, a ſmall 
doſe of which at firſt agreeably affects us and pre- 
ſently after nauſeates us. We muſt therefore 
ceaſe from being aſtoniſhed that a ſmall augmen- 


tation of heat, ſuch as =, can appear to us ſo ſtrik- 


ing, and that the limits of the greateſt heat in 
ſummer, to the greateſt cold in winter is berween 
ſeven and eight, according to M. de Amontons, 
or between 31 and 32 as M. de Marian has found 
it to be by comprehending all the reſults of the 
obſervations made on this ſubject, during 56 years 
ſucceſhively, FE | | 
But it muſt be owned that if we would judge 
of the real heat of the globe, after the accounts 
which this laſt author hrs given of the emanations 
of the terreſtrial heat to the acceſſions of the ſolar 
heat in this climate, it would be found that their 
relation being neatly : { 29 : 1 in ſummet and 
: 471 oreven : : 491 in winter; it would be 
ſound, I ſay, by joining theſe two relations, that 
the ſolar heat to the terreſtrial heat would be only 


1 ! 


: 2:4 3 ot: M. 2. 1 But this emma 


vr « 534 
would be faulty, and the error would become ſo 
much the greater as the climates ſhould be colder: 
It is therefore only between the equator and the 
tropics, where the heat being almoſt equal in all 
the ſeaſons of the year, that we might with found- 
Vol. VI. 7 ; ation 


4 ä 


66 NATURAL HISTORY, 


ation eſtabliſh the proportions between the heat 
of the emanations of the earth and the acceſſions 
of the ſolar heat. Now this relation in all this 
valt climate, where the ſummers and winters are 
almoſt equal, is nearly :: 50: 1. This is the 
reaſon I have adopted this propoition, and made 
it the baſis of the calculation of my enquiries, 

However, I do not pretend poſitively to aſſert 
that the innate heat of the earth is really go times 
greater than that which comes to it from the ſun : 
as this heat of the globe belongs to all terreſtrial 
matter, if we compare a part, we have no pro- 
portion by which we ſeperate it, nor conſequently 
any ſenſible and real limits to which we might re- 
late it. Burt even if it ſhould be thought that the 
ſolar heat was greater or ſmaller than we have 
ſuppoſed it, relative to the terreſtrial heat, our 
theory would only alter the proportion of the 
reſults. 

For example, if we include the whole extent of 
our ſenſations of the greateſt heat to the greateſt 
cold, within the limits given by the obſervations 
of M. Amontons, that is to ſay, between ſeven 


and eight, or in 3 and that at the ſame time we 


ſhould ſuppoſe that the heat of the ſun can alone 
produce this difference of our ſenſations; we ſhall 
from thence have the proportion of 8 to 1 of the 
innate heat of the terreſtrial globe to that which 
proceeds from the ſun, and conſequently the com- 
penſation which this heat of the ſun actually makes 


on the earth, would be + and the compenſation 
which it made in the time of incandeſcence will 
have been — : adding together theſe two terms, 
we have 22, which multiplied by 121, the half of 
the ſym of all the terms of the diminution of heat, 
gives 
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Meng | 
gives 2 or g for the total compenſation made by 


the ſun's heat during the period of 74047 years 
of the refrigeration of the earth to actual tempera- 
ture, And as the total lols of the innate heat is 
to the total compenſation, in the ſame ratio as the 
time of the period of refrigeration, we thall have 


25 : 13 : 74947 : 4813 8 lo that the refri- 
geration of the globe of the earth inſtead of havin 
been prolonged only 770 years, would have been 
4813 3 years ; which joined to the longeſt pro- 
longation which the heat of the moon would alſo 
produce in this ſuppoſition, would give more than 
5000 years. 4 

If we adopt the limits laid down by M. de 
Mairan, which are from 31 to 32, and ſuppoſe 
that the ſolar hea: i5 no more than = of that of 
the earth, we ſhall have only 3 of this prolonga- 


4 
tion, that is to ſay about 1250 years, inſtead of 
7 hs k - 2 1 : © , 
770 Which gives the tuppotition of z, which we 
have adopted, 
But on the contrary, it we ſuppoſe that the ſan's 


heat is only — of that of the carth, as appears 
#5") TS | 
to reſult from the oblervations mace at Paris, we 


ſhould have for the compenſation of the incande— 


ſcence , and 775 for the compeniation to the 
50 J 


50 : a : 5 
end of the period of 74047 years of the refrigera- 
tion of the tcrreſtrial globe to actual temperature, 


- 
[4 


and we ſhould find — for the total compenſation 
25) 


made by the heat of the fun during this period, 
which would give only 154 Years, that is to fay, 
the 5th part of 770 years 107 the time of the pro- 

* * N = . 1 2 * a * 1 
longation of refrigeration. And likewilc, if in the 
place 
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place of = we ſuppoſe that the ſolar heat was 2 of 


of the terreſtrial, we ſhould find that the time of 
prolongation wauld be five times longer, that is 
to ſay, 3850 years: ſo that the more we endea- 
vour to increaſe the heat which comes to us from 
the ſun relative to that which emanates from 
the earth, the more we ſhall extend the duration 
of nature, and date the antiquity of the wortd 
further back: for by ſuppoſing the heat of the 
ſun was equal to the innate heat of the globe, we 
ſhould find that the time of prolongation would 
be 38504 years, which conſequently gives the 
carth a greater antiquity of 38 or 39000 years, 
If we caſt our eyes on the table which M. de 
Mairan has calculated with great exactneſs, and 
in which he gives the proportion of the heat which 
comes to us from the ſun, to that which emanates 
from the earth in all climates, we ſhall diſcover 
a well atteſted fact, which is, that in all climates 
where obſervations have been made, the fummers 
are equal, whereas the winters are prodigiouſly un- 
equal: this learned phyſician attributes this con— 
ſtant equality of the intenſity of heat in ſummer in 
all climates, to the reciprocal compenſation of the 
ſolar heat, and from the heat of the emanations of 
the central fire : “ This is not, (he ſays, page 253) 
an affair of choice, ſyſtem, or conveniency, that this 
inverted rout alternatively decreafing and increal- 
ing of the central emanations of the ſolar ſummers, 
it is the circumſtance itſelf, &c. fo that according 
to him, the emanations of the heat of the earth in- 
creaſes or decreaſes Prec. iely in the fame ratio, 
as the action of the ſun's heat increaſes or decrenſs 
in different chmates and as this proportion of in- 
crcaſe ard decreaſe berween the terrefirial and the 


ſolar heat, * to him, with reaſon, very ſur- 
Priſing 
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priſing according to his theory, and at the ſame 
time nd cannot doubt of the fact; he attempts to 
explain it, by ſaying, “ that the terreſtrial globe 
being at firſt a ſmall paſte of earth and water, turn- 
ing round its axis and continually expoſed to the 
rays of the ſun, according to all the annual aſpects 
of the climates, will be hardened towards the ſur- 
face, and ſo much the deeper, as its parts are more 
exactly expoſed to it. And if a harder, more com- 
pact, thicker, and in general a more impenetrable 
foil, becomes in theſe lame relations an object ſo 
much the greater to the emanations of the internal 
fire of the earth, As Is EVIDENT MUST HAPPEN 
hence is not theſe obſlacles in a direct ratio of the 
different heats of the folar ſummer, and the central 
emanations in an inverted ratio of the ſame heat? 
And that this therefore is nothing more than the 
univerſal inequality of ſummers? For ſuppoſing 
theſe obſtacles or their retrenchments of heat made 
at the conſtant and primitive emanation, expreſſed 
by the value of the ſolar ſummers, that is to ſay, 
in the moſt perfect and viſible ſtate of all the pro- 
portionalities, EQUALITY ; it is clear that we do 
not retrench ſo greatly on one fide as we add to the 
the other, and that conſequently the ſums or ſum- 
mers will he always and every. where alike. See 
therefore (adds he) this ſurpriſing equality of ſum- 
mers of all climates in the earth brought back to 
an intelligible principle ; either from the earth at 
firſt fluid has been aftegwards hardened by the ac- 
tions of the ſun, at lcaſt towards the laſt ſtrata which 
compoſe it? Or that the almighty has created it in- 
ſtantaneouſly in the ſtate where phyſical cauſes would 
have brought it.“ It appears to me that the author 
would have done better to hold himſelf firmly to 
this laſt cauſe, which diſpenſes from all reſearches 
and ſpeculations, only to give an explanation 

which 


ge * S 


90 NATURAL HISTORY. 


which not only fins in the principle, but in almoſt 
all che points of conſequence, which might be drawn 
from it. 
For 1s there any thing more independent one of 
the other than the heat which properly belongs to 
the earth, and that which comes to it externally ? 
It is natural, it is reaſonable even to imagine, that 
there really exiſts in nature a law of calculation, 
by which the emanations of this internal heat of 
the globe, would exactly follow the inverted ratio 
the acceſſions of the heat of the ſun on the carth ? 
And in ſo preciſe a proportion that the augmenta- 
tion of the one would exactly compenſate the di- 
minution of the reſt. A little reflection is only 
requifite to convince us that this relation purely 
ideal is unfounded, and that conſequently the real 
fact of the equality of the ſummers, or of the equal 
intenſity of heat in ſummer, in all climates, is not 
derived from that precarious combination, of which 
this phyſician makes a principle, but from a quite 
different cauſe, which we are going to explain. 
Why 1n all climates of the earth, where obſer- 


_ vations have been made with comparable thermo- 


meters, is it found that the ſummers (that is to 
ſay, the intenſity of heat in ſummer) are equal; 
while the winters (that is ſay, the intenſity of heat 
in winter) are prodigiouſly different, and fo much 
the more unequal as we advance nearer the frigid 
zones? This then is the queſtion, the fact is true, 
but the explanation of it given by the able phyti- 
cian above quoted, appears to me to be erroneous, it 
returns us directly to final cauſes which he thought 
to avoid, for it is not telling us, for every explana- 
tion that the ſun and the earth were at firſt in ſuch 
a ſtate that the heat of one might ſcorch the ex- 
ternal ſtrata of the other, and harden them to ſuch 
a degree that the emanations of the terreſtrial _ 
| wou 
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would always find obſtacles againſt their going out, 
which might be exactly in proportion of the facility 
with which the heat of the ſun arrives to each 
climate; and that from this admirable contexture 
of the ſtrata of the earth, which more or leſs per- 
mits the iſſue of the emanations of the central fite, 
there reſults on the ſurface of the earth an exact 
compenſation of the ſolar and terreſtrial heat, which 
nevertheleſs renders the winters every where alike, 
as well as the ſummers: but which in reality, as 
there are only equal ſummers in all climates, and 
that the winters on the contrary are very unequal; 
it neceſſarily muſt enſue that theſe obſtacles ſet to 
the liberty of the central emanations, are ſtill greater 
than they are ſuppoſed to be, and in fact, in the 
proportion which the inequality of the winters of 
different climates exact? Now who is there but 
ſees that theſe ſlight combinations are not in the 
plan of the ſovereign creator, but only engendered 
in the head of a phyfician, who not being able to 
explain the eq g mers, and this inequality 
of winter, has had recourſe to two ſuppofitions, 
which have no foundation, and to combinations 
which even in his eyes can have no other merit 
than ther of being accommodated to his theory and 
to recall, as he himſelf terms it, that ſurprizing e- 
quality of ſummers to an intelligible principle? But 
this principle once underſtood is only a combina- 
tion of two ſuppoſitions, which are both of the 
order of thoſe which render the impoſſible, poſſible, 
and hence in fact would repreſent the abſurd as in- 
telligible. | | 
All phyſicians employed on this point, agree 
with me that the terreſtrial globe poſſeſſes of itſelf 
a heat, independent of that which comes from the 
ſun ; is it not evident that this innate heat ſhould be 
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equal on all points on the ſurface of the globe, 
and that there might be no other difference in this 
reſpect than that which muſt reſult from the ſwel- 
ling of the earth at the equator, and of its flatneſs 
under the poles? A difference which being in the 
ſame ratio nearly as the two diameters, does not 


exceed — ſo that the innate heat of the terreſtrial 
ſpheriod muſt be — times greater under the equa- 


tor than under the poles. The deperdition which 


is made and the time of refrigeration muſt therefore 
have been quicker or more ſudden in the northern 
climates, where the thickneſs of the globe is not 
ſo great as in the ſouthern climates, but this diffe- 


, 1 1. . . 
rence of 2 cannot produce that of the inequality 


of the central emanations, whoſe relation to the heat 
of the ſun in winter being : : 30: 1 in the adja- 
cent climgtes to the equator is found already double 
to the 25th degree, triple to the 35th, quadruple 
to the 4oth, tenfold to the 49th, and 35 times 
greater to the both degree of latitude. This cauſe 
which preſents itſelf, contributes to the cold of 
the northern climates, but it is inſufficient for the 
effect of the inequality of the winters, fince this 
effect would be 435 times greater than its cauſe to the 
both degree, and greater ſtill, and even exceſſive in 
climates nearer the poles, and that at the ſame time 
it would in no part be proportional to this ſame 
cauſe. 

On the other hand, it is without any foundation, 
when we attempt to maintain that in a globe which 
has received, or which poſſeſſes a certain degree of 
heat, there might be ſome parts therein much colder 
than others. We are ſufficiently acquainted with 
the progreſs of heat, and the phenomena of its 
communication to be aſſured that it is every where 
diſtributed alike, ſince by applying a body, that is 


EVen 
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even old, on a hot body, it will conſequently com- 
municate to the other ſufficient heat for both to 
be of the ſame degree of temperature in a ſhort 
time. It muſt not therefore be ſuppoſed that to- 
wards the poles there are ſtrata of colder matters, 
le!s permeable to the heat than in other climates 
for, of whativever nature they may be ſuppoſed to 
be, experience ihews us that in a very ſhort time 
they would become as hot as the reſt. 

The great cold in the north does not therefote 
proceed from theſe preiended obftacles which might 
oppoſe themſelves to the iſſue of heat, nor from 
the flight difference which that of the diameters 
of the terreſtrial ſphetiod muſt produce; and it has 
appeared to me, aftet having reflected thereon, 
that we ought to attribute the equality of the ſum- 
nier, and the great inequality of the winters to a 
much more fimple cauſe, which nevertheleſs has 
efcaped all pbiloſophers. | 55 

It is certain that, as the innate heat of the ea: th is 
much greater than that which comes from the ſun, 
the ſuß mers ſhould appear w_— where nearly 
aitke, becauſe this heat of the ſun, forms only 
a {mall augmentation to the real fund of in- 
nate heat, and that conſequently this heat e- 


mit ed from the ſun is no more tuan 2 of the in- 
nate heat of che globe, the longer 0. {norter ſtay of 


it on the horizon, its greater ot leſs obliquity on the 
climate; and even its total abicence would only 


produce - 1, diffetznce on the temperature of the 


climate, and hence the ſummers muſt appear, and 
are in fact nearly equal in all the climates of the 
earth. But what makes the winters ſo very unequal, 
is that the emanations of this internal heat of the 
globe is found in a very great meaſure ſuppreſſed 
as ſoon as the cold and froſt binds and conſolidates 

Vor. VI. | * the 
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the ſurface of the earth and waters. This hes? 
which iſſues from the Yi whe, dereaſes in the air in 
proportion, and in the tame ratio as the pace in- 
creates, ail the tols condenfation of the air by this 
caule is ſufſigient to produc cold winds, which actir g 
againf the turtace of the earth, binds and freezes | it. 
As long as this coninement of the external firata c f 
ihe earth remains, the emanations of the internal heat 
are retained, and the cold appears to be, nay in 
fact 15, very coniiderably increaſed by his iuppret- 
ſion of a part of this heat ; but as ſoon as the air 
pecomes milder and the ſuperficial ſtrata of the 
globe loſes us, rigidity, the hear retained all the 
time of the froft, iffues out in greater abundance 
than in climates where it does not freeze at all; 
10 chat the ſum of the emanations of the heat be- 
comes equal and every where alike : and this is the 
reato that plants vegetate « quicker, and the haz- 
veſt 15 reaped | in much leſs ume in northern coun- 
tries, and for the fame reafon it is, that often at 
the begipning of ſummer we feel inſupportable 
heat, &c. | 
Should we doubt of the fuppreſhon of the emana- 
tions of the internal heat by the effect of froſt, we 
need only to be convinced thereof, recollect to cir- 
eumſtances univerſally known. That after 2 froſt, 
ſnow, which we may perceive to thaw in pits, a- 
queducts. ciſterns, quarries, ſubterraneous vaults or 
mines, when even theſe depths, theſe pits or ciſ- 
rerns contain no water. The emanations of the 
carth having their free ue through thete kinds of 
vents. the ground which covers the top is never 
frozen 1 ſtrong as the open land; to che emanat'ons 
it peru their gener ral courſe, and their heat is 
ſafficient to melt the tnow, eſpecially in hollow 
bhaces, whereas it tobfiſts and remains on all the 
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ret of the ſurface where the earth is not exca- 
vated. | 

TY" bis iup preſſion of tne emanations of the innate 
heat of the: earth, is net only made by the froft, 
but bkewite by the: imepfe bi iin 18 ot the earth, 
after, oecafioned by a lets Jegreg of ole than that 
Which 2s neceflary o free the !urtice ; there are 
very ten t Huntries wheie it treezes in the plains 
bevon tba 45th degree latin, particularty a the 
porchera zetultphete it an} bens therefore that from 
aue, as lar as the 3 500 05 gree, the emanat Ons 
of the tetreftrial heat hat ing always their free iſſue, 
there a de be in that : almot no difference 
„teren Winter an, um diy of 1 ace this Utter LreNCE 
7 b i Zed onty from Ne auſes, both 00 fight 
% prove any ſenfible effect. The firſt of theſe 
urs is, 0 liſterehce of the tn lar action, but as 
116 action is viſelt much malle than that oi the 
tatrreſtrtal heat, their ditfercnce becomes ho {nconkis 
derable. that it may be regarded as nut: the fe 
cont caule is, the thiaknets of the globe, which 
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92 to 1. 1 ta can be unly owing to the 


cnſolidation of the carth, vecatloned by the colꝰ 
er even tothe cold produce] by the durable rains 
which fall in theſe alimates that we can attribute 
this difference betwern winter and jummer, the 
binding of the earth by cold, ſuppreſſæs a part 
of the emaiiations of the internal heat, and the cold 


abvavs renewed by tie fill of rain, diminithes the 


in- 
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intenfity of this ſame heat; th-ſe two cauſes theres 
fore t. ether produce the difference between winter 
| and 1tmmer. be 7 
Alfter this expoſition, it appears to me that we 
are now in a ſtate of underitanding why the win- 
ters ſeems to be ſo differeut, This point of gene- 
ral phyſics had never been diſcuſſed: no perion 
before M. de Mairan had even ſought for the 
means of explaining it, and we haye precedently 
demonſtrated the inſufficiency of the explication he 
gives thereon ; mine on the contrary, appears to 
me ſo fimple and ſo well founded, that 1 do not 
doubt but that it will be underſtood by men of 
- good and clear judgment. 
After having proved that the heat which comes 
to us from the ſun is greatly inferior to the innate 
of our globe ; after having explained, that by ſup- 
poſing it only 3 part, the refrigeration of the globe 
to actual temperature, cannot be made but in 
= 75832 years; after having demonſtrated that the 
1. time of this refrigeration ſhould ſtill be longer, if 
| the heat ſent from the fun to the earth was in a 
1 greater relation, that is to ſay of 4 or = inſtead of 


a, we cannot be blamed for having adopted the 


proportion which appeared to us the moſt plaufible 
by phyſical reaſonings, and at the ſame time the 
moſt ſuitable, not to extend too far back the time 
of the commencement of nature, which we have 
= at 37 or 38000 years, dating it from the vrft 
__ 
| 1 nevertheleſs acknowledge, that this time, all 
conſiderable as it is, does not appear ſufficiently 
long for certain changes, certain ſucceſſive altera- 
tions which Natural Hiſtory demonſtrates to us, and 
which ſeems to have required a courſe of centuries 


ſtill 


— 


— 


4 4 8 -Y 
<= TS i 
N 
6 * % 
PR” 7 k 
7 a I 
ig i £ 
&. YL | 
* 
id i 4 
a : 
* 5 
. 
r 
E 
* [1 LL * 
i\3 
07 * N 
* 
. 
. 
6 
f 9 8 
uy 8 N 
Af? 
4 . 
N : 
* 4 
on » 
* A 1. 
1-48 a 
+204 + 
2 ; 
LY 
. 
11 
8 
44 
9 
N 
* 1* 
140 
T | ' 7 
* * 
12 
? 4 2 
1 * 
W 9 
Y 
_ +544, 
3 
* "Mm 
+, 
** * 
7 r 
AN, N 
4 
2 7 
. 
"TW [ E 
$ Ps ”4 * 4 
F I, 
__— 
\ —_ 
4 7% : = 
87 1 
* 81 
#1; 3 * 1 
. | | 
+ 
_— - 
7 $4 
} + 
[1 ; 1 
* J 
5 th 
pF 
4.9 7 
ds: . } 
© 1 
. * 
* . 

* Iz 
+, nn 
» 3 G 0 

"= 
7 1 
Rr 

* 

+ 
i 
, 
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ſtill longer: I ſhould therefore be greatly inclined 
to imagine, that, in reality, the time beivre indi- 
cated for the duration of nature, ſhould be increated 
perhaps double, if we are at leiſure for the expia- 
nation of every phenomena. But I repeat, I am 
confined to the leaſt terme, and I have reſtrained 
the limits of time as much as was poſhble to be done 
without contradicting facts and experiments. 

My theory perhaps may be chicanely attacked 
by another objection, which is right to be guarded 
againſt, It will be told me, that I have ſuppoſed 
after Newton, the heat of boiling water three times 
greater than that of the ſun in ſummer, and iron 
heated red hot eight times greater then boiling wa- 
ter, that is to ſay, 24 or 25 times greater than that 
of the actual temperature of the earth, and that 
there is ſomething hypothetical in this ſuppoſition, 
on which I have founded the ſecond baſis of my 
calculations, whoſe reſults would be without doubt 
very different if this red heat of iron or glaſs in 
incandeſcence, inſtead of being in fact 25 times 
greater than the actual heat of the globe, was for 
example only 5 or 6 times as great. 

The better ro know the value of this oO 
let us directly make a calculation of the refrigera- 
tion of the earth, in the ſuppoſition that in the time 
of incandeſence it was only five times hotter than 


it is at preſent, by ſuppoting as in other calculati- 
ons it is only =tþ of the terreſtrial heat; this ſolar 
heat which now makes a compenſation of - only 
made the compenſation of —- in the time of incan- 
deſcencence, theſe two terms added together gives 
„ which multiplied by 24, the half of the ſum of 


all the terms of the diminution of heat, gives = 
for 
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tor the total compentation which the hear of the fun ha: 
made during the whole period oi the ( ber. rdition 07 
the innate heat of the globe, whicn is 54047 dars, 


therefore we ſhall have: 155 : : 74047 : 882 2 


from which we ſee thar the prolongation of retri. 
geration, which for a heat 28 times greater than 
actual temperature, has been only 770 years, thould 


have been 888 2 In the ſuppoſition that this ürſt 


heat ſhould have been only five times greater than 
this actual temperature; this alone ſhews us that 
if even we would ſuppoſe this primitive heat greatÞy 

below 25, there would be only a longer prolongatios: 
of the refrigeration of the globe, and that alone ap- 
pears to me ſufficient to ſatisfy the objection, 

In ſhort, will it be faid, you have calculated the 
duration of the refrigeration of the planets, nct 
only by the inverted ratio of their diameters, but 
alſo by the inverted ratio of their denfity; - thic 
might be well founded if we could 1 imagine that 
in fact there exiſts matters whoſe denſity is as 
different from that of our globe; but does it exif ? 
What for example, will be the the matter of whick 
Saturnis compoted, fince its (lenfity 1 is more thei. 
ave times lets than that of the earth? 

To this I anſwer, that it would be very eaſy to 
ind in the vegetable cats, matcers 5 or 6 times 
lets denſe th an a maſs of iron, matble, hard calc 

20us tone, &c. of which we know tht earth is the 
principal og but withour quitttity the mi— 
neral kingdom, ane Pan the de ſry Of theſe 
ave matters we have 21 72 tor iron, 8, ? ſor white 


Ma: bie, {or eres, 7 _ tor common b ane 
90 


reoüs ſtone '7 = Fa king the mean term of phe 


entities of theſe ive matters of wh mY : te 
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79 
denfity to be 10 5. It is therefore required t9 
i 


e e 
find a matter whoſe denſity is 2 % which is the 


which is the ſame-relation of 189 denſity of Saturn 
to 1000 denfity of the earth. Now this matter 
might be a kind of pumice lone, a little denfer than 
common pumice ſtone, whoſe relative denfity ig 
here 1 2 ; it appears therefore that Saturn is prin- 
clpally compoſed of a light matter fimilar to pumice 
fone. , N a 

So likewiſe the denſity of the earth being to that 


Jupiter: : 1000 : 292, or : 10 . 3 


85 1000 
we mull think that Jupiter is compoſed of a denſer 
matter than pumice ſtone but much lefs denſe than 
chalk. | ** 

The denfity of the carth being to that of the 


. 5 , At5 — 
. # , 8 1 »— 7 — - 
moen- : 1 1000 : J, or: : 10 g 1 7 s this 


ſecondary planet is compoſed of a roatter whoſe den- 


lity is not quite ſo great as that of hard calcarcous: 
ſtone, but greater than that of ſoft calcareous ſtone. 
The denſity of the earth being to that of Mars 


1000 : 730, Or i: 10 5 113 so 19 it muſt 
0 1969 
be thought that this planet is coinpofed of a :natter 
whoſe denfity is little greater than that of pres, 
and not ſo great as that of white marble, 
But the denſity of the earth being to that of 


7 
Venus :: iooo: 12700, ar»: : 05: : 13 72 
| 18 1000 


poſed of 3 denſer matter than emery and leſs denſe 
than zink. \ 


In Port, the denſity of the earth being to that 
OL 


it may be ſuppoſed that this planet is chiefly com- 


| 
: 
' 
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of Mercury : 1000 : 2040, or :: 105 * 20 
9663 it muſt be thought that this planet is compoſed 


— — —o— ; 


of a matrer leſs denſe than iron, bnt more ſo than 
tin, | 
How, will it be ſaid, can, animated| nature 
which you ſuppoſe every where eitabliſhed, exiſt 
in planets of iron, emery or pumice ftone? B 
the ſame cauſes, I ſhall anſwer, and by the ſame 
means as it exiſts on the terreſtrial globle, although 
compoſed of ſtone, gres, marble, iron and glaſs. 
There are other planets like our globe, the princi - 
pal is one of the matters we have juſt indicated, but 
the external cauſes will ſoon have altered the ſuper- 
ficial ſtrata of this matter, and according to the 
different degrees of heat or cold, dryneſs or humi- 
dity, they will have converted this matter in a very 
ſhort time, of whatſoever nature we may es 
it to be, in a fertile earth proper to receive the 
ſeeds of organized nature, which all only need of 
heat and moiſture to develape itſelf. 3 
After having ſatisfied the objections which ap- 
peared to preſent themſelves the firſt, it is neceſ- 
ſary to explain the facts and obſervations by which 
we are aſſured that the ſun is only an acceſſary, a 
{mall complement to the real heat which continu- 
ally emanates from the globe of the earth; and it 
will be juſt at the ſame time to ſee how compara- 
ble thermometers have taught us in a certain man- 
ner that the heat in ſummer is equal in all the cli- 
mates of the earth, excepting ſome places, as Se- 
negal, and ſome other parts of Africa, where the 
heat is greater than elſeweere, for particular reaſons 
of which we ſhall ſpeak when it is requiſite to ex- 
amine the exceptions to this general rule. | 
It may be demonſtrated by inconteſtible valua- 
tions, that light and conſequently the heat of 2 
. 
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fun emitted on the earth is very great in compariſon 
of the heat emitted by the fame body in winter, 
and that nevertheleſs, by very exact and reiterated 
obſervations, the difference of the real heat of ſum- 
mer is very ſmall, This alone would be ſufficient 
to prove that a very great heat in the terreſtrial 
globe of which that of the ſun makes only the com- 
plement ; for by receiving the rays of the ſun on 
the ſame thermometer in tummer and in winter, Mr. 
Amontons was the firſt who obſerved, that the great- 
eſt heat in ſummer in our climate differs from the 
cold in winter, when the water congeals as only 
7 differs from 6, whereas it can be demonſtrated 
that the action of the ſun in ſummer is about 66 times 
greater than that of the ſun in winter; it therefore 
cannot be doubted, that thete 1s a fund of very great 
heat in the terreſtrial globe, on which as a baſe, 
the degrees of heat ariſe which comes to us front 
the ſun, and that the heat at the ſurface of the 
globe does not give us a much greater quantity of 
heat than that which comes to us from the ſun. 

If it be aſked how we can aflert that the heat 
emitted by the fun in ſummer is 66 times greater 
than the heat ſent by the ſame body in winter in 
our climate: I cannot better anſwer this than b 
referring to the memoirs given by the late M. de 
Maitan in 1719, 1722, and 1765, and inſerted 
in thoſe of the Academy, in which he examin- 
ed with a ſcrupulous attention the viciſſitudes of 
{ſummers in different climates. Theſe cauſes may 
be reduced to four principal ones : viz. 1. The in- 
clination under which the light of the ſun falls ac- 
cording to the different height of the ſun on the ho- 
rizon ; 2dly. The greater or leſs intenſity of light 
in proportion as its pailage in the atmoſphere is 


more or leſs oblique ; gdly. The different diſtance, 
Vor. VI. of 
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of the earth to the ſun in ſummer and winter; th 
The inequalities of the length of days in different 
climates. . And by departing from the principal 
that heat is proportional to the action of light, it 
will be eaily . that theſe four united 
cauſes, combined and compared, diminiſhes with 
reſpect to our es this action of the ſun's heat in 
A ratio of about 66 to 1 between the ſummer and 
the winter ſoltice. And by tuppoting the weakneſs 
of the action of light þ »y theſe tour cauſes, that is 
to ſay, 1. By the leaſt aſcenſion or elevation of ſun 
at noon in the winter ſoltice, in compariſon of its 
aſcenſion at noon in the a ſoltice; 2dly. By 
the dimuſition of the light, which more obliquel 
traverſes the atmoſphere in the winter ſoltice than 
in the ſum er ſoltice; 3 dly. By the greateſt proxi- 
mity of the earth to the fun in winter than in ſum- 
mer ; 4thly. By the dimunition of the continuity 
of the heat produced by the ſhorteſt day, or b 


F 
the largeſt abſence of the ſun in the winter ſoltice, 
which in our climate 1s nearly double that of the 


ſummer ſoltice: it will not be doubted that the 
difference 1s 1n fact very great, and about 66 to 1 
in our climate, and this true theory may be regar- 


ded as certain, as the ſecond truth from experience, 


and which demonſtrates to us by the obſervations 


of the, thermometer iramediately expoſed to the 
ſun's rays in winter and ſummer, that the difference 
of real heat in theſe two is nevertlieleſs at moſt 
only from 7 to 6; I tay at moſt, for this determi- 
nation given by Mr. Amontons is not by far fo 
exact as that which has been made by M. de Mai- 
ran, after a great number of ulterior ONIRrvations, 
by which he proves that this relation is :: 32: 31. 
What therefore mult indicate this prodigious ine- 
quality between theſe two relations of the action of 


the 
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the ſolar heat in ſummer and in winter, which is 
from 66 to 1: and of that of the real heat, which 
is only from 32 to 31 between tummer aud win— 
ter? Is ic not evident that the innate heat of the 
globe of the earth, is a number of times greater 
than hat which comes to us from the ſun ? It ap- 
pears in fact, that in the climate of Paris this heat 
of the earth is 29 times greater in ſummer, and 
491 times greater in winter than that of the ſun 
as M. de Mairan has determined it. But I have 
already faid that we muſt not conclude from theſe 
two combined relations, the real relation of the 
heat of the globe of the carth, to that which comes 


to us from the jun, and ! have given reaſons which 


have determined me to fuppote that we may eſti- 
mate this heat of the fun go times lefs than the heat 
which emanates from the earth, 

It now remains for us to render an account of the 
obſervations mede by thermometers, from the year 
1701 to 1736 incluſive, we have collected the great- 
eſt degree or heat, and that of the greatell cold 
which "has been at lis each year; we have made 
a total of theſe and ſound that the mean year in all 
the thermometers reduced to Reaumurs divifion, 
have given 1026, for the greateſt heat in ſummer, 
that is to ſay, 26 degrees above the freez! ing point. 
We have likewiſe found, that the common degree 
of the greateit cold in winter has been, within theſe 
55 years 994 or 6 degrees below the freezing point 
of water . from whence it has been reaſonably con- 
cluded, that the greateft heat in our ſummers at 
Paris differs from the graateſt cold of our winters 


only = finze 994: 1025 : : 31: 32. It is on 
33 . ; 
this foundation that we have 1aid that the relation 
of the greateſt heat to the greateſt cold was no 
more than : : 32 : 31. But it may be objected 


a galuſt 
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againſt the precifion of this valuation, the defect of 
the conſtruction of the thermometer, and Reaumurs's 
divifion, to which we have here reduced the ſcale 
of all the reſt, and this defect is extended only 1000 
degrees below that of ice, as if this thouſand degrees 
was in fact that of abſolute cold, whereas abſolute 
cold does not exiſt in nature, and that of the ſmal- 
left heat, thould be ſuppoſed 10,000 inftead of 
1000, which would alter the thermometers grada- 
tion. It may likewiſe be ſaid that in fact it is not 
impoſſible that all our ſenſations between the great- 
eſt heat and the greateſt cold, is comprized in as 
ſmall an interval as that of unity on thirty-two of 
heat, but that the voice of judgment ſeems to be 
raiſed againſt this opinion, and tells us, that this 
limit is too confined, and that it is much eaſier to 
reduce this interval than to give it an eighth or a 
ſeventh inſtead of a thirty- ſecond. — 

But be this valuation as it may, which will per- 
haps be found ſtill ſtronger when we ſhall have ther- 
mometers better conſtructed ; it cannot be doubted 
but that the heat of the earth, which ſerves for a 
| baſe to the real heat we feel, is not very confide- 
rably greater than that which comes to us from the 
ſun, and that this laſt is only a {ſmall complement 
thereof. So likewiſe, although the thermometers 
which we have uſed err from the principle of their 
conſtruftion, and from ſome other defects in their 
gradation, we cannot doubt of the truth of theſe 
facts which have been ſhewn us by obſervations 
made in different countries with theſe ſame thermo- 
meters, conſtructed and gradated in the ſame man- 
ner, becauſe relative truths and comparative re- 
ſults are only made uſe of here, and not abſolute 
truths. - BY, | 
Nou in the ſame manner as we have found, from 
the obſervation of 56 ſucceſſive years, the _ of 
; : um- 
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ſummer at Paris, 1026 or 26 degrees above the 
freezing point, we have alſo found with the ſame 
thermometers, that this heat in ſummer, was 1026 
in every climate of the earth from the equator to 
the polar circle ;* at Madagaſcar, in the iſlands 
of France and Bourbon, Roderigo, Siam, and the 
Eaft Indies; at Algiers, Malta, Cadiz, Montpe- 
lier, Lyons, Amiterdam, Upſal, Peterſburgh, 
and as far as Lapland near the polar circle. At 
Cayen, Peru, Martinico, Carthagena in America, 
at Panama, in thort in all the climates of the two 
hemiſpheres and continents where obſervations could 
be made, it has been conſtantly found that the li- 
quor of the thermometer roſe equally to 25, 26, or 
27 degrees in the hotteſt days in ſuramer : and 
from hence enſues the inconteſtible fact of the e- 
quality of heat in ſummer in all climates of the 
earth. There is on this ſubject other exceptions 
beſides that of Senegal, and ſome other places 
where the thermometer riſes 5 or 6 degrees higher, 
that is to ſay, to 31 or 32 degrees; but it is from 
accidental and local cauſes, which do not alter the 
truth of the obſervations nor the certainty of this 
general fact, which alone might likewiſe demon- 
ſtrate to us, that there really exiſts a very great heat 
in the terreſtrial globe; the effect or the emanations 
of which are nearly- equal in all the points of its 
ſurface, and that the ſun very far from being the 
only ſphere of heat which animates nature, is at 
beſt only the regulator. | 

This important fact, which we confign to poſ- 
terity, will diſcover to it the real proportion of 


* On this ſubject conſult the Memoirs of the late M. de 
Reaumur, in thoſe of the Academy of the years 1735 and 


1742, and alſo the Memoirs of the late M. de Mairan, in thoſe 
of the year 1765, p. 213, 


the 
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the dimunition of the heat of the terreſtrial globe, 
which, we have been only able to determine in a 
hypothetical manner: in a few centuries, we ſhall ſee 
that the greateſt heat of ſutamer, inſtead of raifing 
the liquor of the thermometer to 26, will not raiſe 
it more than to 25, or 24, or lover, and we ſhall 
Judge by this effect, which is the reſult of all the 
combined cauſes, of the value of cach of the par- 
icular cauſes, which the total effect of heat pro- 
duces to the ſurface of the globe; ior independent 
of the heat which belong to the earth and which 
it poſſeſſed from the time of incandeſcence, a heat 
the quantity of which is very conſiderably dimi- 
niſhed, and will continue to diminiſh in courſe of 
time, independent of the heat which comes to us 
from the ſun, which may be looked upon as con- 
ſtant and which conſequently in futurity will make 
2 greater compentation than at preſent : to the loſs 
of this innate heat of the globe, there are two o- 
ther particular cauſes, which may add a conſidera- 
ble quantity af heat to the effect of the two firſt, 
which are the only ones which we have till now 
made the valuation of, | 

One of the particular cauſes proceeds in ſome 
meaſure from the firſt general cauſe, and may 
add ſomething thereto, It is certain that during the 
time of incandeſcence, and in all the ſubſequent 
Mes, till that of the refrigeration of the earth, 
all volatile matters could not refide at the ſurface, 
nor even in the internal part of the globe; they 
were raiſed and diſperſed in the form of vapours, 
and have not been able to depoſit themſelves but 
ſucceſſively in proportion as it cooled, theie mat- 
ters have penetrated through the clefts and cre- 
vices of the carth to great depths, in an infinity of 
places: this then is the primitive foundation of 
volcanos, which as is well known, are all tound 
in 
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in lofty mountains, where the clefts of the earth 
are ſo much the greater as theſe points of the globe 
are more projecting and iſolated, This depofit of 
the volatile combuſtible matters of the firſt age 
will have been prodigioufly augmented by the ad- 
dition of every combuſtible matter, whoſe forma- 
tion is from ſubſequent ages. Pyrites, ſulphurs, 
coal, bitumen, &c. have penetrated into the prin-_ 
cipal cavities of the earth, and produced almoſt 
every where great maſſes of inflammable matters, 
and often conflagrations which manifeſt themſelves 
by earthquakes, eruptions of volcanos, and by the 
hot ſprings which flow from mountains, or run 
internally in the cavities of the earth. It may 
therefore be preſumed that theſe ſubterraneous 
fires, ſome of which burn without explofion, and 
others with great noiſe and violence, ſomewhat in- 
creaſe the general heat of the globe. Neverthe- 
leſs this addition of heat can be only very flight, 
for it has been obſerved that it is nearly as cold 
on the fop of volcanos, as on the top of other 
mountains of the ſame height, excepting at the 
time when the volcano throws out inflamed va- 
pours or burning matters ; this particular cauſe of 
heat appears to me therefore not to merit ſo much 
conſideration as ſome phy ſicians have given to it. 
It is not the ſame with reſpect to a ſecond 
_ cauſe, which it ſeems has not been thought of, 
which is the motion of the moon round the earth. 
This ſecondary planet performs its revolution 
round us in 27 days and one third, and being 35 
thouſand 325 leagues diſtant, it goes over a cit- 
cumference of 436 thouſand 329 Jeagues in this 
ſpace of time, which makes a motion of 817 lea- 
gues in an hour, or from 13 to 14 leagues a mi- 
nute : although this rout is perhaps the ſloweſt of 
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all the celeſtial bodies, yet it is rapid enough to 
produce on the earth which ſerves for axis or 
pivot to this motion, a conſiderable heat from the 
friction which reſults from the weight and velo- 
city of this planet, But it is not poſſible to value 
this quantity of heat produced by this exterior 
cauſe, becauſe hitherto we have had nothing 
which might ſerve us for unity or term of compa- 
riſon. But if we ever attain to diſcover the num- 
ber, magnitude, and velocity of all the planets 
which circulate round the ſun, we ſhall then be 
able to judge of the quantity of heat which the 
moon can See to the earth, by the much greater 
quantity of fire which all theſe vaſt bodies excite 
in the fun. And I ſhould be greatly inclin- 
ed to think that the heat produced by this cauſe 
in the globe of the earth, does not prevent it from 

making a very conſiderable part of its own heat; 
and that-in conſequence we muſt ſtill extend the 
limits of time for the duration of nature. But let 
us return to our principal object. 

We have obſerved that the ſummers are very 
nearly equal in all the climates of the earth, and 
that this truth is founded on inconteſtible facts; but 
it is not the ſame with reſpect to winters, they are 
very unequal in different climates, as we remove 
farther from that of the equator, where the heat 
in winter / and ſummer is nearly the ſame. I think 
T have given the reaſon in the courſe of this me- 
moir, and have explained in a ſatisfactory manner 
the cauſe of the inequality by the ſuppreſſion of 
the terreſtrial heat. This ſuppreſſion is, as I have 
ſaid, occaſioned by the cold winds which fall 
from the air, bind the earth, freeze the waters, 
and ſhut up the emanations of the terreſtrial heat 
during the time the froſts remains: ſo that it is 
not all ſurpriſing that the cold in winter is in fact 
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ſo much the greater as we advance further towards 
the elimates, where the maſs of air receiving the 
rays of the ſun more obliquely, is for that reaſon 
colder. | | 
But with reſpect to the cold as well as the heat, 
there are ſome countries which are an exception 
to the general rule. At Senegal, Guinea, Angola, 
and probably in every country where the natives 
are black, as in Nubia, the country of the Papous, 
New Guinea, &c. it is certain that the heat is 
greater there than in any other part of the earth; 
but it is from local cauſes, which we have given 
the explanation of in this work, Therefore in theſe 
particular climates, where the eaſt wind reigns 
during the whole year, and paſſes over a yery con- 
fiderable tract of land, where it receives a ſcorchin 
heat, before it arrives there, it is no ways ſurpri- 
Zing that the heat is found 5, 6, and even 7 de- 
grees greater than it is elſewhere, And fo like- 
wiſe the exceſſive colds of Siberia proves the ſame, 
excepting that this part of the ſurface of the globe 
is much higher than all the adjacent parts. The 
© northern Aſiatic countries (ſays the Baron Strah- 
g lenberg in his deſcription of the Ruſſian Empire) 
e are confiderably more elevated, than the Euro- 
„ peans. They are like a table in compariſon 
« of the bed on which it is placed; for fince, 
«© coming from the weſt and leaving Ruſſia, we 
% paſs to the eaſt by the mountains Riphea and 
«© Rymnikas to enter Siberia, we always advance 
« more on an aſcent than in a deſcent.” „There 
« are many places in Siberia, (ſays M. Gmelin) 
« which are not leſs elevated above the reſt of the 
« earth, nor leſs remote from, its center, than 
© many high mountains in many other regions 
« are,” Theſe plains of Siberia, appear in fact, 


to be as high as the ſummit of the Riphean 
m moun- 
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mountains, on which the ice and ſhow do not wholly 
melt during ſummer : and if this ſame effect does 
not happen in the plains of Siberia, it is becauſe 
they are leſs ifolated, for this local circum- 
ſtance alſo adds much to the duration and to the 
intenſity of cold and hear, A vaſt plain once 
made hot will retain its heat longer than an iſolated 
mountain, although both are ks elevated; and 
for this ſame reaſon the mountain once cooled will 
retain its ſnow or ice longer than the plain. 

But if we compare the exceſs of heat to the ex- 
ceſs of cold, produced by theſe particular and 
local cauſes, we ſhall perhaps be ſurprized to ſee, 
that in ſuch countries as Senegal, where the heat 
is greater, it nevertheleſs exceeds ſeven degrees 
the greateſt general heat, which is 26 degrees 
above the freezing point and as the greateſt height 
to which the liquor in the thermometer riſes is at 
moſt only 33 degrees above this point, whereas 
the great colds of Siberia ſometimes' reach as far 
as 60 or 70 A below this ſame freezing point: 
and that at Peterſburgh, Upſal, &c. under the 
ſame latitude of Siberia, the greateſt cold does not 
make the liquor deſcend more than ta. 25 or 26 
degrees below the 1 point: therefore, the 
exceſs of the heat produced by the local canſes be- 
ing only 6 or 7 degrees above the greateſt heat of 
the reſt of the torrid zone, and the exceſs of the 
cold produced likewiſe by local cauſes, bein 
more than 40 degrees below the greateſt cold, 
Under the ſame latitude, we muſt conclude, that 
theſe ſame local cauſes have much more influence 
in cold climates than in hot. Although we do 
not at firſt ſee what this great difference in the 
exceſs of cold and heat may produce: nevertheleſs, 
by refle&ing thereon it appears to me, that we 
may caſily conceive the reaſon of this n 
W 8 . Iii _ the 
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the augmentation of the heat of ſuch à climate as 
Senegal, can only proceed from the action of the 
air, the nature of the foil, and the depreſſion of 
the ground : this country almoſt on a level with 
the ſea, is in a great meaſure covered with ſcorch- 
ing ſands, and an eaſt wind continually blows. there, 
which inſtead of refreſhing the air, only renders it 
burning, becauſ this wind traverſes, before it ar- 
rives there more than 2000 leagues of land, over 
which it gets hotter and hotter as it paſſes: and 
nevertheleſs all theſe united caufes produce only 
an exceſs of 6 or 7 degrees above 26, which is 
the term of the greateſt heat of all the other cli- 
mates. But in ſuch a, country as Siberia, where 
the plains are elevated like the ſummits of moun- 
tains above the level of the reſt of the earth, this 
ſole difference of elevation muſt produce an effect 
proportionally much greater than the depreſſion 
of the ground of Senegal, which cannot be 1 
ſed greater than that of the level of the ſea; for if 
the plains of Siberia are only elevated 4 or 300 
fathom above the level of Upfal or Peterſburgh, 
we muſt ceaſe from being aſtoniſhed that the ex- 
ceſs of cold is ſo great there; ſince the heat, which 
emanates from the earth, decreaſes at each point 
as the ſpace increaſes, this cauſe alone of the ele- 
vation of the ground ſuffices to explain this great 
difference of cold under the ſame latitude. 

On this point there remains only one intereſting 
queſtion, men, animals and plants, may for ſome 
time ſupport, the rigour of this extreme cold, 
which is 60 degrees below the freezing point; 
but could they alike ſupport a heat which ſhould bs 
6o degrees above it? Yes, if we could take the 
precaution of ſheltering ourſelves from the heat, 
as we know how to do againſt the cold, only for a 
ſhort time; and if the air could, during the re · 
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mainder of the year, refreſh the earth, in the ſame 
manner as the emanation of the heat of the globe 
warms the air in cold countries ; we know of plants, 
inſets and fiſhes, which grow and live in hot 
baths, whoſe heat is 45, 50 and even 60 degrees. 
There are therefore ſpecies in living nature, which 
can ſupport this degree of heat; and as the ne- 

are in the human race, thoſe whom a ſtrong 
heat the leaſt incommodes, ſhould we not conclude 
therefore, with ſufficient probability, that, in our 


hypotheſis, their race are more aneient than that 
of the white people ? 
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as in the water — I. 369, &c. 
Anfterdam,— tate of the ſtrata of the earth there, to 
232 feet depth.— The foil of Holland has 
been raiſed 100 feet by the ſediment of the 

Sea — V. 440, &c: 
Analog ies living. —— The living analogy of the foffil 
ſhell called Corn : Amon not known VI. 
Anatomy is at preſent only a nomenclatura.— de- 
fect of the method by which anatomy is culti- 
tivated — —— II. 162 


Ancients 
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Ancients. —W ere more inſtructed and "AGRA! than 


we in the hiſtory. of animals, although they 
did not make uſe of the mode of Nomenclature. 
hey had no idea of what we call experi- 
ence in phyſics——the ancients made the tour of 
Africa, according to Herodotus—they have nei- 
ther ſpoken of, or conjectured that the tour of 
the Globe could be made; — and were far- 
diſtant from having a juſt meaſure of the cir- 
cumference of the Globe, although they tra- 
velled much — —— V. 420 


Animal the moſt effential parts of, are thoſe by 


which it takes its food, thoſe which receive and 
digeſt it, and thoſe by which it renders the ſu- 
perfluous— the animal is the moſt compleat 
work of nature, and man her maſter- piece. 
general idea and deſcription of an animal 
its individual is a centerto which all belongs, 2 
point where the whole Univerſe is reflected. — 
The body of an animal is an internal mold— 
in which the matter that ſerves for its 
growth is modelled and aſſimulated to the 
whole. What muſt be underſtood by the word 
Animal — ideas clear and preciſe on this 
ſubject there are eſſential and fundamental 
parts to the body of an animal. The parts 
of the animal ceconomy, which act continually 
without interruption, are thoſe which have the 
moſt reſemblance in man, and in an animal— 
thoſe on the contrary, which the ſenſes and 
members form reſemble the leaſt, and the great- 
eit differences between man and an animalare 
externally, and principally at the extremities 
h of 
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of the body. Explanation of the manner in 
which an animal can be determined to act ir 
ſuch or ſuch a manner by the ſole im preſſion of 
objects on the ſenſes.— in an animal the 
internal ſenſes differ from the external by the 
property which the internal ſenſe has of pre- 
ſerving the ſhocks, and impreſſions it has re- 
ceived. -Explanation of the manner in 
which the new born animal is compelled to ſeek 
its food portrait of an animal moved by 
fear for the firſt time in what the perfec- 
tion of an animal conſiſts — l. 295 to 352 


Animals are much more generally diſperſed than 
plants — the animals and plants which -can. 
multiply and re-produce by all their parts, are 
organized bodies, compoſed of other fimilar 
organical bodies——animals exactly follow the 
laws of nature—moſt animals go to copulate 
only when their growth is entire, Thoſe which 
have only ſeminal liquor at that time— -large 
animals are leſs prolific than ſmall——rezſon 
thereof —-ſmall animals eat more in propor- 
portion than large — oviparous animals are in 
general {maller than viviparous they like- 
wiſe produce many more——reaſon thereof 
animals which produce but a ſmall number of 
young, accomplith the greateſt part, and even 
their whole growth, before they are in a ſtate 
of engendering ; whereas animals which mul- 
tiply faſt, engender before their bodies have 
the half or the fourth of their growth. Animals 

which can produce their like, although they 
have not been produced themielyesſo--in general 
large, 


I x 
large animals live longer than ſmall --animals 
return leſs to the earth than they take from it 
——animals hold the firſt rank in nature, be- 
cauſe they are capable of more functions than 
other beings, and have by their ſenſes more 
relations with objects which ſurround them 
with external objects they have relations of the 
{ame order as ours in animals there are 
many parts which grow by a real vegetation 
there are animals which like plants re- 
produce by the ſame means, the multiplica- 
tion of the vine fretters, which is made without 
copulation is ſimilar to that of plants by grains, 
and that of polypuſſes which is made by cutting, 
reſembles the multiplication of trees by ſlips 
animals in general have much leſs reſemblance 
than plants in animals ſome engender a 
prodigious number of young, and others only 
produce but one: in plants, on the contrary, 
produce a very great number — principle by 
which we may explain allthe actions of animals, 
however complicated they may appear, and 
without the need of making them agree with 


thought or reflection 


I. 320 


Animals have ſentiment even in a higher de- 


gree than we have=—they have alſo a conſci- 
ouſneſs of their actual exiſtence, but not of their 
paſt — they have ſenſations but want the fa - 
ulty of comparing them, that is to ſay, they 
want the power which produces ideas; for 
ideas are only compared ſenſations, or to ſpeak 
clearer, aſſociation of ſenſations — animals 
being deprived of ideas, and provided with ſen- 
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ſations, know not that they exiſt but feel it 
they have no knowledge of the paſt, no notion 
of the future, no idea of time, and conſequent- 
1y no memory — they cannot diſtinguiſh their 
dreams from their ſenſations real, and it may 
be ſaid, that what they dream effectively hap- 
pen to them — manner ot judging of the in- 
ternal qualities of different animals the em- 
pire of man over animals is a legitimate em- 
pire which no revolution can deitroy—never - 
theleis this empire is not abſolute—it is by the 
talents of the mind and not by ſtrength and 
other qualities of matter thar man has ſubjugated 
animals— this empire of man like all other 
qualities has been tounded only from ſocie- 
7 — | .de. 


Ani mals. Firſt deſign on which it appears that all 


animals have been conceived——in creating 
them the ſupreme being has employed one idea 
and varied it at the 1ame time in all poſſible 
manners, inorder that man may admire equally 
the magnificence of the execution and the ſim- 
plicity of the deſign.——The manner in which 
animals feed and the capacity of their food 
depends entirely on thecapacity of the ſtomach 
and inteſtines—— in almoſt all animals the male 
becomes more or leſs ferocious, when he couples, 
and the female when ſhe brings forth——how 
man has been obliged to act to make himſelf 
maſter of animals—the original imprefiion of 
nature is much leſs changed in ſavage than in 
domeſtic animals — in thoſe which live but a 
ſhort time, the ſpecies is more ſubject to vary, 
3 E ” Ko e p f than 


Joo 


* 


than in thoſe which live a long time——the 


molt certain method of judging of the internal 
nature, and the real ſpecies of animals, is the 
conformity or difference of their nature and 
inſtinct — in animals which produce a great 
number of young, the young are not ſo perfect 
at their birth as in thoſe which produce but 
few. in all animals the firſt production is fewer 
than the reſt- in temperate climates and among 
the moſt civilized people, the greateſt diverſity, 
mixture and moſt numerous varieties in each 
ſpecies of animals are to be found——animals 
inſtead of increaſing with their age diminith in 
faculties and tàlent — animals in general are 
only in a ſtate of engendering when they have 
received the greateſt part of their growth, but 
thoſe which have a fixed time for rutting or 
ſpawning ſeem to make an exception to this 
law -— in quadrupede animals, thoſe which 
like the Stag; Elk, Deer, Rein Deer, Roebuck, 
&c. have a fixed time for rutting, engender 
much fooner than other animals—the violent 
death of animals is a legitimate and innocent 
cuſtom, fince it is founded in nature, and they 
only exiſt on that condition——animals which 
have but one ſtomach and ſhort inteſtines, are 
found like men, to feed on fleſh—proofs of this 
aſſertion. — All animals that are perfectly 
white have red eyes —animals are almoſt all 
debaſed — have preſerved only their individual 
properties—have loſt by duration as much and 
more than they acquired before man diſquieted 
them—animals which eat their tails—the in- 
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fluence of climate is much ſtronger marked in 
animals than in man in hot countries terreſtri- 
al animals are bigger and ſtronger than in cold 
or temperate countries, they are alſo more 
hardy and ferocious — the courage of animals 
is exalted or temperated according to the uſe 
they have made of their ftrength—-the impreſ- 
ſion of the ſpecies is not unalterable - the na- 
ture of animals is leſs conſtant than that of man, 
it can vary and change by time animals in 
hot climates connot produce in cold, when even 
they are free and amply fed moſt large ani- 
mals of hot countries have little or no hair 
the true country of animals is the land to which 
they reſemble, that is to ſay, the ſoil to which 
their nature appears to be entirely conformed, 
eſpecially ſince this nature of the animal is not 
modified elſewhere, and is not influenced by 
other climates——the order in the multiplica- 
tion of animals is an inverted ratio of the order 
of ſize, and the poſſibility of the differences is 
in a direct ratio of the number in the product 
, of their generation there are therefore more 
varieties in ſmall animals than in the large, 
and for this reaſon there are more approaching 
EkKinds. The internal part in animals is the 
ground work in the deſign of nature, it is the 
conſtituting form, the true figure, the external 
is only the drapery this exterior part, often 
quite different, often covers an internal part 
perfectly ſimiliar, and on the contrary, the 
jeaſt internal difference produces very great 
ones externally— the animals in general are 
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more happy than man, the ſpecies among them- 
felves have nough to dread ; evil has but one 
ſource for them, it has two for man, that 
of moral evil open to himſelf, is a torrent 
which affects the whole face of the earth; the 
phyſical evil on the contrary, is confined in 
narrow limits—it rarely goes alone, good often 
furmounts it, or is at leaſt on a level with it. 
Ferocious animals whoſe hide is the moſt beau- 
tiful, have at the ſame time the moſt perfidi- 
ous nature—compariſon of the education of 
animals with that of man—animals whoſe 
. education is the longeſt, that is to ſay, thoſe 

which have longeſt need of the aid and cares of 
their mother, are thoſe which appear to have 
the moſt intelligence in man the phyſiognomy 
deceives, but in animals we can judge of their 
diſpoſition by their mein for what reaſon the 
alterations of nature are greater and more ſud- 
den in animals than in maninim als whoſe 
ſpecies is iſolated are very few in compariſon 
of thoſe whoſe ſpecies are nearer and ſeem to 
form families or kinds the genus of cruel 
animals is one of the moſt numerous and varied 
—fortunately proud animals are all ſolitary and 
do not herd of animals which have talons, 


that is crooked and retractable nails, none is 
ſocial nor herds 


3 I. 204 
Animals quadrupede, are only in a ſtate of engendering 
when their body has taken almoſt its full growth 
in all animals without excepting one, 
and even in man, the neck is compoſed of 
exactly ſeven vertebrz —— in general carnivo- 
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rous animals have the neck much ſhorter than 


thoſe which are fed on graſs -t here is ſcarcely 


in all the habitable and known earth above 200 
kinds of quadrupede animals—quadrupede ani- 
mals next. to man are the beings whofe nature 
is the moſt fixt and the form moſt conſtant 
quadrupedes whoſe parts of generation are re- 
newed and obliterated every year nearly like 
that of the ſoft roe of a fiſh—their moſt general 
attributes are to have four feet and to be cove- 
red with hair, found common to all the 
firſt with animals of another order, ſuch as 
Lizard, Frogs, &c. and the ſecond is de cient 
to certain animals ſuch as the Tatou, Pangolin, 
who nevertheleſs are true quadrupedes—qua- 
drupedes have greater affinity among themſelves 
than with other animals, nevertherleſs there 
are 2 great number which tend to other claſſes 
of nature; theMonkeyapproaches towards Man: 
Bats are the monkeys of birds, which imitate 
them in their flight: Porcupines by the quills 
with which they are covered ſeem to indicate 
that feathers may belong to other animals 
beſides birds: Tatous by their armour ap- 

proach towards the cruſtaceous claſs : Beavers 
by the ſcales on their tail reſemble fiſhes : 

Fourmillers by their kind of beck or bill with- 

out teeth, and by their long tongue recalls us 

again to birds : and laſtly, Seals, Morſes, the 
Manati, &c. are the links between the qua- 

drupede and cetaceous kind———confideration 

of quadrupedes under another kind of view— 

it 


RD © 4 xy 
it is without a ſufficient reaſon that they have 
been generally termed quadrupedes, IV. 115, 

Kc. — Among the 200 Kinds of animals to 
Which the commoh name of quadrupedes has 
been given, there are at leaſt forty which are 

| quadrumanous; twelve or fifteen bipedous and 
as many whoſe fofe or hind feet are uſeleſs— 
| Quadrumanous animals fill the great chaſm'be- 
tween men and quadrupedes ; the Bimianous like 
the Manati, are the nearer them, in the {ill greater 
ciſtance between man and the cetaceous kind. 
The bipedous with wings form the link be- 
tween quadrupedes and birds, and the fiſſipe- 
dous which make uſe of their fore feet like 
hands, fill up all the degrees found between 
| quadrumanes and quadrupedes ; VI. 115, &8. 


Ani mali Domeſtic and Wild, I. 367 —— Domeſtic 
animals vary prodigiouſly in colour in the ſame 

country, While wild animals vary by the colour 

f in different climates - Domeſlic animals, 
like men, are ſtronger, larger, and more cour- 
azeous in cold countries; more civilized, and 
gentle in temperate climates, and weakef and 
uglier in hot climates. II. 82.— It i is in theſe 
temperate climates and among the more poliſh- 
ed people that the greateſt diverſity is found, 
„As is the greateſt 1 mixture and the moſt nume- 
rons varieties in each ſpecies. In domeſtic 


zntiquity. ot their ſlavery : pendent ears, va- 
ried colours, long and fine hair, are ſo many / 
effects produced by time, or rather by the / 
long duration of their domeſticity.—Wild and 
free animals, are, perhaps, without excepting 
q ma! 
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rous animals have the neck much ſhorter than 

thoſe which are fed on grais -t here is ſcarcely 

in all the habitable and known earth above 200 
kinds of quadrupede animals—quadrupede ani- 
mals next. to man are the beings whofe nature 
is the moſt fixt and the form moiſt conſtant 
quadrupedes whoſe parts of generation are re- 
newed and obliterated every year nearly like 
that ef the ſoft roe of a fiſh—their moſt general 
attributes are to have four feet and to be cove- 

red with hair, found common to all the 
firſt with animals of another order, ſuch as 
Lizard, Frogs, &c. and the ſecond is de cient 
to certain animals ſuch as the Tatou, Pangolin, 
who nevertheleſs are true quadrupedes—qua- 
drupedes have greater affinity among themſelves 
than with other animals, nevertherleſs there 

are a great number which tend to other claſſes 
of nature; theMonkeyapproaches towardsMan : 
Bats are the monkeys of birds, which imitate 
them in their flight : Porcupines by the quills 
with which they are covered ſeem to indicate 
that feathers may belong to other animals 
beſides birds : Tatous by their armour ap- 
proach towards the cruſtaceous claſs : Beavers 
by the ſcales on their tail reſemble fiſhes : | 
Fourmillers by their kind of beck or bill with- 
out teeth, and by their long tongue recalls us 
again to birds: and laſtly, Seals, Morſes, the 
Manati, &c. are the links between the qua- 
drupede and cetaceous kind———confideration 
of quadrupedes under another kind of view— 
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it is without a ſufficient reaſon that they have 
been generally termed quadrupedes, IV. 115, 

Kc. — Among the 200 kinds of animals to 
Which the commoh name of quidriipedes has 
been given, there are at leaſt forty which are 

| quadrumanous; twelve or fifteen bipedous and 
as many whoſe fofe or hind feet are uſeleſs— 
| Quadrumanous animals fill the great chaſm be- 
tween men and quadrupedes; the Bimanous like 
the Manati, are the nearer them, in the {till greater 
diſtance between man and the cetaceous Kind. 
The bipedous with wings form the link be- 
tween quadrupedes and birds, and the fiſlipe- 
dous which make uſe of their fore feet like 
hands, fill up all the degrees found between 
quadrumanes and quadrupedes g VI. 115, & d. 


Animals Domeſtic and Wild, 1. 367 —— Domeſtic 
animals, vary prodigiouſly in colour in the ſame 
country, while wild animals vary by the colour 
in different climates - Domeſtic animals, 
like men, are ſtronger, larger, and more cour- ; 
azeous in cold countries; more civilized, and | 
gentle in temperate climates, and weaker and | 


uglier in hot climates. II. 82,—lt i is in theſe 
temperate climates and among the more poliſh- 
ed people that the greateſt diverſity is found, 
as is ine greateſt | mixture and the moſt nume- 
ons varieties in each ſpecies. In domeſtic 'Y 


animals there are many, evident figns of the - 
antiquity ot their ſlavery : pendent ears, Va- 
ried colours, long and fine hair, are ſo many 
effects produced by time, or rather by the 
long duration of their domeſticity.—Wild and 
free animals, are, perhaps, without excepting 

| q man; 


avi E. 


man, of all living beings the leaſt ſubject to alte- 
rations, &c,——captive animals and thoſe ſhut 
up in menageries do not attain their full growth, 


and do not live ſo long as thoſe which are free | 


 — domeſtic animals are ſubje& to more vari- 
eties than the ſavage ——neceflity of their de- 
generation the ſtate of domeſticity ſeems to 
render animals more libertine, that is to ſay, leſs 
faithful to their kind, and renders them likewiſe 
hotter and more fruitful IV. iz, &c; 
The domeſtic ſtate has cauſed the colour of their 
hair to vary the primitive and natural colours 
fallow and brown — many more varieties in the 
ſmall than in the large ſpecies —— the reaſon 


thereof — — — IV. 26 


Animals of both Continents — animals of the old Con- 
tinent which are not met with in the new —— 
animals natural to the new world their indi- 


viduals extremely numerous in each ſpecies 


reaſon thereof — II. 328, &c: 


Animals proper and particular to the newConti- 
nent———enumeration of animals belonging to 
both continents —— all the animals which 
have been tranſported from the old continent 


into the new, are become ſmaller, and all thoſe 
found in both continents are likewiſe ſmaller 

in the new without exception. American names 
of animals of the new continent——there were 
but five ſpecies of quadrupede animals at St. Do- 
mingo when it was diſcovered, the largeſt of 
which was the Squirrel V. 331, &c. 


Animals belonging to both Continents, are much leſs 
than 
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than thoſe of the old Il. 238 
Enumeration of their differences Il. 243 
All the animals belonging to both continents may 
be reduced to five races, and nine iſolated ſpe- 
cies—enumeration of them diſtant affinities 
which ſeęms to indicate ſomething common in 
the formation of animals of the two continents 


Animals proper and particular of the new world, 
their origin cannot be attributed to ſimple ne- 
generation IV. 66, '&c. 
When the two continents were contiguous, the 
ſpecies which were quartered in the countries of 
the new world, have been probably ſhut up there 
by the irruption of the waters, when they divided 
the two continents —— poſſibility of this e- 
vent — — IV. 6 


Animals and Pegetables, =— There is no abſolute 
and eflential difference between animals and vo- 
getables—— nature deſcends by degrees or im- 
perceptible links from the animal which appears 
the moſt perfect to that which is leaſt fo, and 
from that to the vegetable therefore they are 
nearly beings of the ſame order Ditto 70 

Anta or Ant, is the ſame animal as the Tapir 

origin of the name Anta — III. 173 


Antilope, kind of gazel found in Barbary and Arabia, 
&c,—its deſcription | — — Ditto 32 


Apar, a kind of Tatou——its deſcription and ſyreci- 
fic characters —Its fleſh as white and as good food. 


as the ſucking pig Ditto 
Oe, a name which the Engliſh give to the monkey 
without a tail — Ditto 220 


| Hpera 
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1 the ſame animal as the Coril 


IV. 101 

Arabia, the Deſerts of—deſeription of the ſand and 
burning Deſerts — 

Arabians, hiſtory of the I. 212, . 


Archipelago, Indian— appears to be an inundated 
country — — [az 
2 9 rpg inhabitants of the, are excellent ſwim - 

-\" Ins 


Argali, of Siberia the ſame as the Moufflon 
Argilaceous earths and clays are only vitrifiable ſand 
decompoſed, and theſe clays by decompoſing 


change into mud proofs of this aſſertion 
may become flint — V. 430 


rt —Compariſon of the works of art and nature 
Ditto 


Arts, —All the ideas of arts, have their model in the | 
productions of nature —— VI. 3 


Aſia.—All the oriental continent is the moſt ancient 
land of the globe —the we!''ern coalis of Europe 
and Africa are the moſt modern —— 


Attachment to inanimate things is the laſt degree of. 
ſtupidity difference between attachment 
and friendſhip cauſes and reaſons for the at- 
tachment of mothers for their young in animals 

phyſical cauſe ofthe attachment of parents 

to their children I. 294, &c. 


Attraftion mutual and general i in all parts of matter, 
Whether in the earth, planets, & c.— the laws of 

attraction, or of affinity, by W hich parts of dit. 
gs | ferent 
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ferent mineral ſubltances attract each other 
IV. 447, '&c. 
Attractions, the law of affinities and the law of at- 
traction are not one and the lame, and if thoſe 
of aftinities appear different from the general 
law of attraction, is, that in affinities the figure 
enters as element in the expreſſion of the diſ- 
tance; whereas in the attraction of celeſtial 
bodies the figure does not in any manner enter 
into the expreſſion of the diſtance Ditto 


Aurechs or Urus the ſame animal as our bull in its 
wild ſtate the primitive race of all oxen 
and biſons III. 134 to 149 

Axiome muſt not rely on abſolute ones Ditto 


Axis, is the ſame animal as one vulgarly known by 
the name of, in the Ganges II. 161 


Babirouſſa, Its reſemblances and differences with the 
Ja Deſ-ription of its tuſks of a finer 
ivory, but not ſo hard as that of the ele- 
phant — _ UI. 372, &c. 
Baboon, an animal belonging to the Old Continent 
ts definition —— The antients had no pro- 
per name for this animal—Baboon, a generical 
name comprehending three ſpecies——Short de- 
ſcription of them, — III. 460, &c. 


Bats—have fore paws—neither feet nor wings—their 


endr- 


1 # 
E 
. 
i 
} 
Li 


. 
. 
* 
. 
, F353 
«IIA 
+ 3 
$5 = 
_ 
Ws 
1 44 
F t 
Ld 9 
4. © 3 
'& : 
t 


n up N x 


enormous deformity- natural habits— lives on 
flies and inſects true quadrupedes which have 


nothing in common with birds but their flight 


live many days without eating— of the 


number of the carnivorous—Five new ſpecies . 
unknown to naturaliſts — II. 247, &c. 


Bear, white—Cannot poſitively affirm that white 


ſea Bears of the north are of a different ſpe- 
cies from that of the common Bear — critical 
diſcuſſion thereof — Travellers deſcription-Na- 
tural habits their voracity — feed o 
ſeals and ſmall whales IV. 81 to 85 


Bear of the Sea or white Bear — is à quite different 


animal from the land Bear two kinds of 
land Bears —white land Bears brown Bears of 
the Alps ferocious and carnivorous— the black 


is only wild and conſtantly refuſes fleſh— its na- 


tural habits—red and brown Bears carnivoroug 
and devour living animals the brown ge- 
nerally diſperſed in cold, temperate, and hot 
climates bat the black found only i in cold 
not found in countries which are peopled 
its characters and habits—exceflively fat. 
at the end of autumn — when they copulate 
— manner in which the mother feeds and rears 
her young - nature, and temperament— 


| ſuſceptible of education manner of hunt- 


ing it—the fleſh of the young delicate and 
good as are its feet———uſe of the fleſh, fat 
and ſkin——why they ſuck their paws in winter 
an excellent ſmell—coarſe reſemblances of its 
limbs with the arms and legs of man — U. 
170 to 280 


| Beaver—it is not ſtrength nor phyſical neceſſity like 


Ants, 


np . ESL 
Ants, Bees, &c. that they labour and build 


— their ſociety, choice, and common 
views among thoſe that form it — appear be- 
low the dog, elephant, &c. for individual qua- 
lities—its character and nature — the only ani- 
mal among quadrupedes that has a flat and o val 
tail with ſcales—the only one that has fins and 
\vebs to the hinder feet, and toes divided in 
the fore feet — the only one which reſembling 
terreſtrial animals by the anterior parts of its 
body, appears at the ſame time to incline to the 
aquatic by the poſterior parts of its body—begin 
to aſſemble in June or July; and form bodies of 
2 or 309——their rendezvous at the borders of 
rivers, &c, —— The largeſt weigh 50 or 60 
pound, and ſcarcely three feet long — deſcrip- 
tion of their labours and account of their con- 
ſtruction manner in which they eat and deſtroy 
trees they make very conſiderable proviſion of 
bark and tender wood and each cabin has its ſe- 
perate proviſion—they give notice of an enemy 
by ſtriking the water with their tail——a noiſe 
which reſounds throughout all their habitations 

they ſometimes travel to a diſtance on the ice 
— the fleſh of the anterior parts to the reins, has 
the taſte, quality and conſiſtence of animal fleſh, 
that of the thighs and tail the ſmell, favour, and 
all the qualities of that of filh — their fur good 
in winter ſolitary Beavers =—difierence of 
theſe from others II. 280, &c. 
Thoſe of the northern countries have the fineſt 
and blackeſt fur — ſome mixed with white 
can ſubſiſt and live out of water — its fur com- 
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poſed of two kinds of hair—caſtoreum an odrite- 
_ Tous matter furniſhed by this animal ———{wims 
better than it walks— it has received a gift 
from nature n 4 18 to that of ſpecch 
II. 289 to 299. fr 2} 


Beauty, —ideas of 8 whos 8 
the ancients what rrrreteb 211. 2, &c. 
Bees, - examination of their pretended knowledge — 
their ſociety only a phytical aſſemblage ordained 
by nature, and independent of all views! &c.— 

- proof thereof ————— 1. 361, &c, 
Bengal, natives o ß —?: 1. 102 
Biſon—ſhort defcription of that of America Ditto 


Biſen, or hunched Ox— forms not a particular ſpe- 
cles, and i is only a variety in the ox ſpecies —— 
its difference from the Aurochs— -advantage of 
this over the common race of oxen—deſcrip- 
tion of their hunch and quality of their fleſh II. 
134, &c. | . | 


Bitch pregnant—experiments on her and her puppies 
I. 40, &c. 

Bitumen its ſource- bitumen and ſalt are predomi- 
nant matters in the ſea 


Bobak is a Marmoſe found in Poland and which 
ſcarcely differs from that of the Alps, only by 
the colour of the hair and by a claw to its fore 
teet — — III. 318, &c. 

Bear Wild — difference of the wild boar and domeſ- 
tic Hog duration of its life. young follow 
their mother till the age of three ycars the 
male very ſeldom cries but when it is ſurpried 

it 
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it makes a noiſe ſo as to he heard at a great diſ- 
tance—not naturally carnivorous—the male re- 
mains thirty days with the female in the rutting 
time —its chace — its genital parts muſt be 
cut off immediately as its killed or its fleſh is 
uneatable III. 134, &c.. 


Bubalus— its deſcription, differences and reſem- 
blances with the Stag, Gazel and Ox ——fingu- 
larities in the form of the hair of the Bubalus 
and Elk their difference—varieties in this ſpe- 
cies—its climite and babits III. 250 to 253 

Huſfalo belongs to the old Continent not known by 
the Greeks or Romans the indian of the 
ſame ſpecies as the domeſtic and wild in the In- 
dies does not copulate nor produce with the 
Cow intipathy of theſe two kinds—its na- 
ture, temperament, habits and its difference 

with the Ox—the fourth in the order of ſize a- 
mong quadrupedes—more tractable in hot than 
in temperate climates, and runs better than the 


Ox — — III. 134, &c. 
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Cabiai animal of South America; which did not 
exiſt in the old Continent—its differences and l 
reſemblances with the hog its deſcription— 
ſize, figure, &c,—has membranes between the ; 

toes and often inhabits the water, where. it | 
iwims with great facility — its nutriment and | 


other natural habits—it produces a great num- 1 
ber- the Cabiai has no external 


reſemblance 


* to þ 
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to any other animal, although by the inter- 
nal part it reſembles the indian hog III. 274, 
&c. 5 2 


Cackicame kind of Tatou its deſcription and cha- 


racters — * III. 42, &c. 


Caffers, deſcription of, 3 I. 253 
Calculi=ſtones formed in the bladder of animals 
are of a ſubſtance and compoſition quite diffe- 
tent from that of bezoar III. 249, &c. 
Callitrix. In Greek ſignifies fine hair, and this 
name is applied to the monkey with a long 
tail, whoſe coat is of a fine green, the belly 


of a beautiful white and the face of a fine 


blue —çf _ * 13 


Callefities on the breaft of Camels, Lamas, and 
on the buttocks, of Baboons, and Monkeys—their 


origin and how, they are produced Ditto 


Calmar—its ſeminal liquor, and even the roe which 
contains it, is formed and obliterated every 


ya. * IV. 275, &c. 
Calmucks — the moſt ugly people in the world 
I. 176, &c. 


Campagnii—natural habits—do great injury to corn 
 —ditterence from the water rat—bring forth 
in ſpring and ſummer five or fix at a time— 
deſtroy one another when there is a ſcarcity 


I. 334, &c. 
Caftratim—the ule of it, very antient and very ge- 
nefally diſperſed- performed in different man- 


ners—not dangerous—=may be performed at any 


* leaſt o — I. 40 


Cay- 
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Cayapolinſhort deſcription of it its conformities 


with the Marmole and Sariga- three animals 


proper and particular to the hot r ber ot 


the new Continent, .,, =, {.} „ 64, XC. 


Cetaceous animals — the life longer mt that of 


quadrupedes III. 378. 


Chacrelus race of. ſavages called white negeoes 


176 AE chin J. 269 
Camel don't ueced when tranſported to America 
two hunches on its back, whereas the dro- 
medary has but one produce together - the 
camel race not ſo numerous as the drome- 
daiy's — country where found endeavours to 
propagate their ſpecies in Spain —in their na- 
tive country infinitely uſeful their milk 
the common food of the Arabs; they alſo eat 
their fleſh, and particularly the young its 
hair fine and ſoft renewed every year 
manner of reating them — can travel 300 
leagues in eight days without ſtopping and eat 
little travel for ten days without drink — 
when the Camel is overloaded, reſuſes to rife 
manner in which they make them travel 


the Camel ſeems to prefer wormwood, &. to 


other ſweeter herbs— their abſtinence from 
drink, not entirely from habit, but conforma- 
tion——have one ſtomach more than other ru— 
minating animals —its nature conſiderably al- 
tered — he bears marks of its ſlavery, beſides 
the hunches on its back—but one ſtallion ca- 
mel for eight or ten females—they are fu- 
rious in ruting time couple like other animals 
goes 4 year and produces but one — female 


camels 
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camels ſeldom labour from the profit of their 
produce, milk, &c. their hunches diminiſh as 
they grow thinner— III. 30, &c. 
Chace the moſt healthful exerciſe for the body, 
and the molt agreeable repoſe for the mind 
I. 89 
Cat=charaQer and nature—the female more violent 
than the male—the females hide themſelves 
to kitten—the males accuſtomed to devour the 
young one andthe mother alſo-—Cats of themſelves 
become excellent hunters alt ho. ugh ey have 
not à delicacy of ſmell-pby cal cauiè of their 
inclination to watch and ſurpriſe other ani- 
mals=Conforination of their eyes_they ſer beſt 
at night, hel it is not too dark—Cats are 
abſolutely dunes PS IVY „more Cats are 
in general reared than dogs CA ts Have lets at- 
tachment to perſons than to bo. uſes they fre- 
quent=they dread cold water, noxious finells 
and perfumes—Cats eat ſlowly and with diffi- 
culty _ reaſons thereof — they fleep leis than 
they make ſhew of -— the wild Cat procuces 
with the domeſtic, conſequently both are one 
and the fame kind—the domeitic Cat is ge- 
nerally longer and thicker than the wild— 
character of the wild cat compared with the 
domeſtic. differences of cats relative to the 
climate__how the varieties are produced in 
the ſpectes of cats — not like that of the dog, 
ſubject to vary when tranſported into other 
climates * II. 69 to 80 
hevrel in many varities in this ſpecies=can live 
only in exceſſive hot countri es they are Mmaller 
than 
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. f i ' 
than other forked {cet animals not found in | 
America . (it ah. 2445 Pe Iv . 2593 &C. 

Chincſe—their Klean and reſemblance _— the 1 
1] artars ' . — 4 1. 182 1 

D _ | 

Degth—cauſes of —whiy ſhould, it be dreaded—an eaſy | 1 


removal—hope quits us, not till the very moment 

of—produced by a very acute pain—not to bury 

our tellow creature; till we are certain of their 

2a 

Deer Fallow—lefs robuſt and ſavage than the Stag 
moſt in England--almoſt a domeſtic animal—its 
horns and their differences tron, Stags — their 
rutting time three weeks before that of the Stag 
—their battles during that timemtheir, natural 
habits and ſtratagems to eſcape from the hounds 
very eaſily tamed and eat many things which 
the Stag refuſes theſe and the Roebuck are the 
only ſpecies of animals common to both Conti- 
nents that are larger and ſtronger. in the new 
than in the old „ vin $34. 
Degeneration —ph yfical explanation ot it in animals 
and plants —tbe temperature of the climate, 
quality of food and the evils of flavery, are three 
caules of the change, alteration and degenera- 
tion in animals me — IV. „oc. 


Deluge we cannot mb by it the tranſportation 
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nor poſition of marine productions, which =” | 9 
tound in ſuch great quantities in the bowels of x 
the earth V. 322 | 
The 
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The Univerſal Deluge has been made by the im- 
mediate will of God and not by natural cauſes 
V. 40), &c. „ 


Derifion and Contempt — their en 0 14 8 
Douc is neither preciſely of the race of Monkies, 


nor of that of Baboons, nor of that of Apes, but 
participates of all three the only monkey that 
has hair on its poſteriors very eaſily diſtinguith- 
ed from ſthe reſt- its deſcription=where found — 
diſtinctive characters IV. 9, &c. 


Dreſſing = view of 6 W 


Downs — formation of 8 VI. 11, &c. 


Dromedary, is not a different kind from that of the 
Camel but a variety thereof — has only one 
hunch on its back, whereas the Camel has two 

its race the moſt numerous and more diffuſed o'er 
the earth than the camel — enumeration of the 
countries where this race is found — the molt 
ſober of all animals and. can. live maay days 
without water — its feet proper tor walking on 
the ſands, and cannot ſtand in mot and ſlip- 
pery ground III. 122, &c. 


E 


Farth —. infinite number of trees found thereon, V. 
208, &E; | | 
Equcatiin— there; are tw ©) * of the indi- 
vidual common to man and animals, and that of 
„ de 
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the ſpecies which belongs only toman—a child 
is much flower than an animal in receiving indi- 
vidual education, and it is from this reaſon that 
he becomes ſuſceptible of the ſpecies — the edu- 
cation,of a child muſt be cloſely followed and 
always, ſupported — this neceſſary, .continual +. 
and common habit between the mot her and child 
during ſo long a.ime, is ſufficient to communi- 
cate. to it all what it poſſeſſes; and if we even 
ſhould ſuppoſe it to poſſeſs nothing, not even 
ſpeech, this long habit would ſuffice to produce 
and this firſt ray of intelligence ſupported, cul- 
tivated and communicated, afterwards opens the 
germs: of thought TY TIES. A, &c. 
Egypt— the foil of the northern part formed by the 
depoſits and ſediments of the waters of the Nile 
—this mud at preſent above” fifty feet thick 
MK «SAS 
Elk=—found in North Aferleg where it is called 
Orignal_ deſcription of and compariſon with 
the'Stag——natural habit hen it runs, the 
bones of its feet make a crackling noiſe which 
is heard at a diftance—a ruminant animal 
characters of the elk doubt on that ſubje& 
has very thick hair and tough fleſh——it has 
very great ſtrength in its fore feet method in 
which the ſavages of America Chaſe the Orignal 
or Elk during winter — MI. 193, &c.* 
Elephant by means of its trunk which ſerves it like 
a hand, has the ſame addreſs as the ape. 
is docile and ſuſceptible of a very ffrong attach. 
ment like the dog — itsnature, qualities, under- 
ſtanding, &c, — veneration of the Eaſtern people 


for 
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for elephants, eſpecially for the white—h2ve 
ſocial manners the order which they follow 

in their walking — although very» heavy, bis 
pace is ſo great that he eafily overtakes a man 
that runs — is ſuſceptible and tender of injuries 
has an excellent imell probably more perfect 
1 any animal— likes moiſt places and often 
fills his trunk with water—ſwims very eattly—the 
reaſon thereof — the quantity of food it conſu- 
mes in a day = deftroy more than they eat — the 
- ſpecies is confined to the ſouthern parts of Africa 
and Aſia made uſe of in war by the ancients 
and would be uſeful now — why © they ſeem 
ſo much the more content as they are more 
... Jichly clad—- ftrength of the elephant—the 
6 diameter of their teet—method of treating it— 
duration of its life- —different colouts the 
ſmalleſt have ſmall eyes in proportion to the body 
moves its ears with great facility, and makes 
uſe of them to wipe his eyes and to preſerve 
them from the inconvenience of duſt and flies— 

a his ſmell exquiſite delighted with the ſound of 
l inftruments - > deſcription, and uſe of the trunk 
-of al! the inſtruments with which nature 
"has been liberal, the trunk is perhaps the moſt 
complete and admir able — 2 ſenſe — phyſical 
"cauſe of the Elephant $s ſuperior underftanding— 
the tuiks become enormoufly heavy with age 
cannot take up any thing from the ground with 
the mouth—manner in which it drinks<the 
young Elephants not to fuck with the mouth— 
the teats of the female, two, fituate on the 


breaſt 
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e not couple like other quadrupedes : 

| III. 461, Ke. : 

Envy —its e preſſion | — — — I. 80 

Egret © a variety in the ſpecies of the Macacco, 
III. 4615 Kb. BIS 

Et Ina — we may dig to the depth of 60 feet in the 
matters ejected from this mountain —— deſcrip- 


tion of it - its eruptions ee en 
Experiments and improvements tor the vegetable, rea- 
„tin Dir 4 
con trees, oaks, „&. V. 26 


Expoſition of trees; &c.—to defend them from froſt 
and bad weather _ N.. Sup. VL. 16 


Evaporation alone raiſes great quantity of water 


from the ocean, &c. — VI. 85, &o. 
Eyes the moſt beatuiful — . 54 
Eyelidiuſe of — — e. 59 


Egg - formation and growth of —exift not in vivi- 
parous females have a kind of life and organi- 
zation; growth, developement; and à form which 
it takes of 1tſelf—the egg vegetates not like a 
plant—a being which muſt be conſidered apaft 
Legs are portative matrices which the animal 
throws out, &c. — þ - 184, &c, 
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Tall 'y,| bears a mah 8 extended ſignification in 
Re) philoſophy than in morality _ — IV. 166 


Fanih—the. Horſe, Zebra and Aſs, appear all to be 
A all of one and the ſame family—ir i is the ſame 


— 13 — 
— 


300 with reſpect to ma ny other animals whoſe ſpe- 
L approach each other—— the reduction of 


evi! 0 
Aua deupede animals into 2 certain number of 
"IT 1 168 : - ; 
families — 3 IV. 30, &c. 
YOU Sr Nigga e III. 


eee ſtate in which the cinbrio 1 is in the 
egg when it is laid by the hen, is the firſt ſtate 
which immediately ſucceeds ſecundation, and 
that the form in which we then ſee it, is the 
© firft form reſulting from the internal mixture 
and from the penetration of the two ſeminal li- 
— eu Dies) =, Hi 
het; D » I, 80 


'$emales—of certain animals will-ferve the males of 
different ſpectes and produce with both con- 
tribute more than the males to the ſupport of the 


5 the female baving 'greater influence on 
the * nature of the ee — IV. 
33. &. 


4 TY * | o 0 
3 of, in animal and vegetable 


"Aerretr which reſemble Polecats — native of hot 


climates 
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climates——eaſier tamed than the Polecat— its 
tmell ſtrong and diſagreeable——its coat varies 
produces twice à year and ſometimes devours 
its er e ee a mortal enemy to the 
Rabbit- manner 1 making uſe of the Ferret 
to catch Rabbits natural habits an nd tem- 
perament — in „Kc. 


ire general and 1 Ln ma N * roducin; 
35 £ P. . Z 
it origin of fire, heat and light. pro- 


perties of it it -air the firſt f. d fi it and not 
combuſtible mattes abj ſor s airand | deſtroys 


its ſpring—different modes © 0 . — 


minute examination of its nature — flame not 
the hotteſt part of firg ——— communicates by 
light — — Uu. 433, &c. 


Fires —ſubterranean do not proceed! lolely, from 2 
central fire, and at no great A — N 345 


11918 14%; 3079 11111 It; * Ain 


F iipedet—enumeration of them II. 415 


Fiſh reaſon why they live longer than other 
animals the ſcaly oviparaus(' IV i-34-528. 


Flux and re/ſuz—— acts: with greater force under 
the equator: than ellewhere———its mation has 
produced mountains, and all the great ine- 
qualities of the terrettrial globe V. 3g, QC, 
The waters at the bottom of the ſea undcrgo 


the ſame motions of flux and refluxas thoſe of 
the ſurface . ob, Ke. 


Fætus. F ormation — deſcription t thereof f through- 
wes out 
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out all its degrees of growth lives, ex- 
pands and grows by intuſſuſſception — deve- 
lopement thereof from conception ſeven 
days after conception we can diflinguiſh by the 
won naked. ON he tirit ng of tlie feetiis;&c. 


wad 31503 . 3 845 IV. |3913 &c. 
ry Yon A pretty animal of Mada 180 bits na- 
türe, habits, food, cc * MM 326, Kc. 

LO ius TL | in 


e 0 Jiftinet and teperate ſpe- 


ies difierencies to prove this II. "2033" Kc. 


N is generally Aiſperſed character and na- 
cural halts partly to 'be tamed, — generally 
in continu al motion, and ſleeps fometimes ſor 
two days together — its veſicles . e 


— 


odoriferous matter — "Fine &c. 
5 ol Ap" 2 Ber 21 Ach 1 oF 5 1 0 % « 1 ant: a 
ag Manet Tis ch! it hides UF; . 


in , dieren Ilaces its prey - 8 damage of 
hunting that of hunting it it — carnivorous 


And voracious ——fond of hone ey” its Kiffer- 
ene from the dog not cally tamed- 
method i in Which the female conceals and 1 rears 
Aer young - diflerent tor es of v voice 
ee ound numerous varieties in the 
ipec ies — never found in hot coimtries 
the fur of the white, not much eſteemed 
—reaſon, thereof, Kc. 5 I, 189, &c. 
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Cazeliet 


Ii 88 17 


ET! 1014200 » {KO 
3 Thirteen» ſpecięs or varieties In ge- 
neral r&eſenuble the Roebuck, bui their horns 


are permanent: difference DEtWegn them 
* 8 


—— * of all the kinds of G azelies 
motr of one alt dometiicated manner of 
hu: ting, tu m — have he eyes — 
legs mot er than the hindern —whietw facili- 
tates their rung or leaping—have cloven 
feet the horns of the female ſhorter ki 
thoſe of the male W N. 229, K. 


5 I i4 CVELEL 1410 


* 


— 


e eee eee of, in the human and 
animal ſpecies— in what manner it is per, 


formed in different animals — grand queſ- 


tion on the ſubject of generation — why na- 
ture employs the mode of ſexes for genera- 
tion in _mott animals anſwered —phyſical 
reaſon why old people are incapable of gene- 


£3444 


cation—why in monſters are produced from the 
10 D 140 r 


marriage 'of decrepid, Herfons and, old with 
young = =! IV; gag. 


INTL . a 


Gerlnd—orthin animah found in the eaſl its 
nature, W tina manner ot alking 
its manners; CC 583 to 1 wg 319, Kc. 


. . 
Gillon. VIE of the Indies "the 1 150 race 
of monkeys Ditto 450 
Ciel. In the woods of France B J. 262 


Giants. 
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Giants 3 Ditto 274 


Glutton—ſhort deſcription of the often been con- 


founded with the Hyena although a very dif- 
ferent and remote ſpecies- cats fle:, , &c. 


follows the Icatis, which feryes. hia 3 as à Pur» 


OK veyor natural habits, & III. 350, &c, 
| ) BS i! 1 \ \) 3 51 f | 517 44 1 aon * 
. I 207, Ke. 


Culpt——enumeration of the final gulphs at 
the mouth of the Indus is a part ot the world 
8 the effects of the tides appear the 
grenteſt the Mexican gulph is a Mediter- 
ranean ſea where the motion of the tides is 
ſcarcely more ſenſible than in ours——reaſon 
thereof . — | VI. 59, &c. 


Grimmius — its deſeription— difference from 


the Gazel —— the female has no horns, .. III. 
256, _ | 


119 


greenland — old Grantdind, : hots the Danes 


had erected cities and looked on as one of 
their provinces for two or three centuries, is 


now no longer ſubſiſting or, at leaſt not to be 


9 found by, travellers | 14} * ang. VI. 76, &, 


Greeks —— deſcription of 5 — © 23 


Gutbe = animal of Senegal, its differences and 


e with the Gatelles— dee tion 
not — climate and natural habits III. 


{ — lte T7 Gn 
win 256, &c. 5 
7 > G 1997 I© INV 
oy — 
Grune | at 24 . 205 
* : 4 . > 
UM rfid 208 5 a 51501 
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Hamſters one of the moſt famous and noxt- 
ous rats, reſembles more a water rat than any 
., . qther—deſcription thereof—conſtrutcttonr of its 
. habitation, &c. the production of the fe- 
male varieties in this ſpecies wm eat 
and deter, each other their coat good 
fur, 381 iter t £2; ae g 


Heat=prineiple' of- difference of the ſun's 8 1 
Afixed in bodies - ſtrong the interior part of the 


glo de — ᷑TwÜ!ʃꝓ!! . 444; A 


Hedgehog—defends itſelf 48 llt dogs, by bi” it- 
ſelf up in the form of a ball—the Fox kills i — 
manner of their copulation, production, &c.— 
hen the mother devours her young miliciou 
animal natural habits of fleeps in Winter 
only one ſpecies not found in told countries 
manner in which the Fox W it II. 240, 


&c. a a Nenn — , Yo. 


dee. to the old Continent and not 
found in the new the ſpecies not very; nume- 
. Foug——its {kin, very hard, thick, and almoit 
| impenetrable— i its meaſure and dimenſions —— 
number of teeth, &c,——-produces but one at 2 
time——the male one third larger than the fe- 
male — its nature and manners——not found in 


the 


waar 


Tio =o 1 
the pere or northern — III. 1877 7 
ent Kn e to art 


, 


Heg - the, and that of Siam and the Wild Boar 
of the ſame ſpecies— four toes, tW of which 
only appear exteriorly=— compariſon of the 
Hog with ſolipedous, forked and fiſſipedous ani- 
mals Hog multiplies more than any othet 
animal of the ſame ſize - its difference in the 
fat from all other animals — ſingularity in the 
"form of its teeth —has four teeth—nature and 
qualities ſtupidity — imperſection in its taſte 
and feeling. difordets— manner of rendering 
its fleſh excellent food different modes of fat- 
tening them caſtration the grow th of 
+1 Hog white Batz not ſo RCs AS the 


Hotttheelfa are hot a race of negroes, but Mather to 
that of, the Catires - deſ ription.— dne women 
have an excreſcence of ſłin on the o pubis which 

| ſerves them for an apron——ceremony. of caftra- 

| tion among them compariſon of the Hottentot 
"with the Monkey _ I. 245, &c. 


Hyena *betonys Sto the old Continent and not found 
in the new reſemblance and difference of the 
Aasckall and Hyena — deſtroys dead bodies 

its reſemblances and difference from the Civet 
And Baboon=Hy: ena and Glanus, names uſed by 
MAE are, not two different à nimals— a. ſoli- 
tary; Amal bas long and naked ears and four 
toes to the feet —its particlar characters by which 
it differs from alFother animals- natural habits— 
a 


xxxvili 
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: an animal of. prey, ſtrength and ferocity 
abſurd fables and ſtories of this animal II. 420 


Hymen membrane of Opinion for and againſt the 


exifienceof it:! J. 48 
* 
x 
7 Ti & k\ }4 1 1 BALLY } ore FP * - 5 : i. , * 
ans obern Dein DD b 7 
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130 {th 601 5100 J AN — 
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Tien © 1 habits, 'ke. 
et of £ — III. 340, * 
1 of the flime race as t the ones 1. 186 


enn M5 


Ichnezvron—deſeription of 5 — 323, Kc. 


Imagination—or ſongings of the mother cannot pro- 


duoe any internal nor external effect on the body 
of tle toetus —— IV. 908, Kea. 


Inpa ou the force would be executed in the tangent 
of the otbit of planets, if the power of attraction 
ceaſed one moment — ne. 


„IV-. 186, &c. 


tfilulation—for boys and girls —mode of the, 0 
peration 


Incubation 


: WW, | I. 39s &C. 
Infiniti nothing truly ſo — lu. 440, &c. 


14 


Inundations——refleQtions on. — ate generally greater 


in the upper parts of rivers than in the lower, 
and thoſe adjacent to their mouth—inundations 
of the Nile -periodical in large rivers—inunda- 
tions are not ſo violent now as formerly VI. 
39, Kc. 
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Tatis—an animal of the north, whoſe ſpecies appears 
to be intermediate between the Fox and the Dog 
it has been looked on as a variety of the Fox 
generally found in climates near the frozen ſea 
—relemblance to the Fox and the Dog—deſcrip- 
tion of—its voice inclines to the barking of a 
dog—its fur very beautiful and much ſought after 
Fits mode of copulation, production, &c.—its 
natural habits and manner of hunting it — 
found in North America HI. 356, &c. 


Mands——only the ſummits of vaſt mountains V. 
315, &C. 


K ; 
Kabardinſber - 2 people uncommonly beautiful 
among the Tartars, who are: extremely ugly 
I. 181, &c. 
1 


Lakes. Some lakes have ſubterraneous correſpond- 
ences with the adjacent ſeas I. 319 — no lake 
found on the ſummits of mountains — ibid 
351, &c. 


Lama and Paco—- found only in the new world and 
inhabit only the mountains of South America” 
the only domeitic animals of the ancient 
Americans, and the Spaniards ſtill make uſe 
* | cf 


I N ;D +E „I vi 


of them to carry heavy burdens, &. carry 
150 or 290 lb. weight —-ſcarcely go more than 
five or ſix leagnes a day - grow very faſt 
production, ute-——their nature appears to be 
modelled on that of the original Americans, 
are gentle, flegmatic, &c. 
how they are fed, &c, tbeir other natural 
habits—deſcription of it——the wild Lama 
found on the mountains of Feru and Chill— 
natural habits very vigorous in the higher 
parts of the Cordillecos, but weak and lan- 
guiſhing in the lower parts III. 292, &c. 


deſcription 


Laplanders, Their figure, nature, manners, and 
cCuſtoms lead a diſmal life, nevertheleſs 
not unbealthy and attain to a great age 
ſubject to blindneſs „„ 


Leming-— deſcription of this animal, chiefly inha- 
bits the mountains of Norway and Lapland, 
but ſometimes they deſcend in ſuch great 
numbers that their arrival is looked upon in 
a terrible light 
female 


the male larger than, the 
natural habits— the fle bad and 
its ſur uſeleſs . 


Lerot or middling Dor men ſe its natural habits 
—fleih not catable like the great Normoute, 


&c. 


II. 253. & c. 


Leopard. Equivocal application of this name 
ſhort deioription of the animal to which We 


apply it — natural bavits not tamed like 
the Ounce - its differences with the Panther and 
the Ounce —— the ſpecies fubject to varieties 


2 ifs 


Om — — 1 


gli 1 9 


—its fur vatuable and Waker F that of the 
Panther and Ounce ee e . "493, Kc. 


1 wh 71 4 1 . 
Light——a com det; matters of, com- 
= ing from the ſun, &c. \ "1,7 © At: ** 435 


Limits character and nature the tags Which 
” dwell on the highs? mountains, art left fero- 
cious than thoſe who live in the plains when 
the heat is exceſſive the ſpecies is not 
very nun eronz—the, Lions of the deſerts are 
much iaore intrepid and courageous than thoſe 
inhabited countries its motions in 

Walking, &. manner of hunting it 


ann I; imo N II. 00, &c. 
Lieneſt one fourth ſmaller than the non ä bas 
four teats When in heat purſued by the 


males, when they attack each. other furiouſly 
T  Stertible when the has young —ſcldom. liirs 


: out in the day 3 2 Vitto 3255 &c. 
Leir or great Dorn Je —tbree kinds—differences- 
do not fleep naturally in the winter—a flate 
of ſtupidity or torpor probs of this aflertion 
by the thermometer —vhen they are cold 
. they will roll themſelves up. like a ball—_ 
Part of the food of the Romans igt ſo tame 


N "as the ſquirrel, &c. 5 Ditto 2 256, &c. 


Liri— little animal found in Ceylon — quadru- 
manous its deſcription : and compariſon with the 
Maki | — 4 III. 332 


Jynx- two different races in the — diſſerence -f 
the northern and fouthern—an animal belong- 


ing 


3 


1 EBC XIIii 


ing to cold and temperate climate common 
to the old and new Contivent—the Lynx of the 
ancients that could fee through walls, fabu]- 
ous—has' the properties and manners of 2 cat 
—its cry like that of the wolf differences from 
the Panther, and. Qunce — manner of its hunt: 


ing and catching animals Rs 419, &c. 
. 111 101% 
1 


. ; 
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M this name we comprehend the La- 


Aaudril 


mantia or Manati of St. Domingo, &c.— ori- 
gin of this name — not entirely cetaceous 

its deſcription——again after Ov ied9——never 
goes on land and prefers ſix ect to ſalt water- 
its length—found on the borders of the Arlantic 
and Paciſic ſea copulates in the, water at 2 
great depth has no fore tecth —ancther 
ELIE _ ) La 393, &&. 


tt Cf 


ite deſcription 


a 2 larg 55 ug] *. Baboon 
its comparifon— —found in, the ſogthern 


provinces of Africa- next to the Orang 
Outang the largeſt of all Monkies— Walks 


erect fond of women ———diftindtive cha- 
raters *=- Wh: 464, Ke. 
Mengabeys— -monkies of Madagaſcar — — - vary 
nuch appear to form the link betw, een the 
Nakis and the Monkey 1, 476, ec. 
Mar lle the moſt ancient monuments of ——lc x | us 


by 


* E. hs . 
: — 
R — 29 M's 
Fey 
r . 


vide I N D E X. 


by the Romans full of ſhells like the marble at 
preſent out of quarries — V. 473 


Margay- name of a ferocious animal of Prafil - 

compariſon with the Wild Cat——its ferocity— 

natural habits—varieties—{ound in many parts of 
America IH. 339, &c. 


Marikina—vulgarly called the little Lion Monkey 
its deſcription natural characters, &c. IV. 


Kc. 


Marly la Villa ſix leagues from Faris —the ground 
formerly the bottom of the ſea which is raiſed 
75 feet as we find ſhells at that depth V. 436 


Mac gccosof Monkies is that which has the neareſt 
reſemblance to the Baboon - hideouſly ugly 
found in many parts of Africa many varieties— 
one of them called the F'gret—reaton thereof. 

{ſmells like mutk—go in droves—manner in which 
they pillage a field or garden III. 469, &c, 


Madagaſcar—inhabitants=deſcription of 1. 251;&c. 


Magot—an animal between the monkey and Baboon 
the Magot belt agrees with our climate— 
its nature, manners, food, ſize, &c.——has cal- 
lofities on its hind parts Magots of different 
ſizes and colours, generally diſperſed in all the 
climates of the old Continentdiſtinctive cha- 
racters, &c. III. 451, . 

Aai mon or Pigtail its reſemblances to the Baboon 

and its diflerences—its deſcription and natire — 
ound 


XY 0-3 'Þ xly 


found in the ſouthern parts of India Aiſtinctive 
characters — III. 467, &c: 


Malis animals of the old Continent not found in 
the new — a generical name under which we 
comprehend three ſpecies — general differences 
of them particular deſcription of them 


III. 328, &c. 


Malbreuck — kind .of Monkey — its reſemblances 
with the Macacco and differences —characters 
&c, — III. 473, &c; 


Maldivian lande -which together are 200 leagues 
in length, formed formerly only one land, a 
ſummit of mountains compoſed of the fame kind 

and ſubſtance V. 446, &c. 


. 


Marmoſe —— ſmall quadrumanous animal its 
conformities and differences with the Sariga 
the female no paunch under its belly like the 
Sariga, &Cc. III. 67, &c. 


Marmot taken young -eaſier tamed than any other 
wild animal ———— detail of what it is capable of 
learning—natural qualities of it——purs like a cat 
— drinks milk greedily—— when irritated or 
ſtruck its ſhriel:s 1o tharp that it hurts the car— 
delights on mountains and never found elſewhere 
-—— deſcription of the borow of the Marmot 
Mar mots live together and work in common at 
their habitation fat in autumn II. 264, &c. 


Marl com poſed of nothing elſe but the waſte 
and deſtroyed parts of ſhells III. 429 


Mar- 
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Marriage — its felicity and neceility I. 54, &Cc: | 


Martin——natural to the north climate the Kind 
very numerous there - not found in hot countries 
natural habits- their fur beautiful II. 206, &c. 


Mazames, of America the ſame animal as the 
Roebuck a ls, Tit. 201 


Aficroſcopical Experiments the objects which Lee- 
wenhoek has cauſed to be engraved are repre- 
ſented much larger than he ſaw them IV. 
246, &c. 

Minerals—introdu&tion to the hiſtory of IV. 431 
Experiments thereon, &c. | 3 


Miracles. not hing better characteriſes a miracle 
than the impoſſibility of explaining the effect by 
natural cauſes V. 408 


Molecules organical in nature A＋there is an infinity 
of fmall parts of living organized beings — theſe 
molecules are common to animals and vegetables 
primitive and incorruptible parts—their aſſem- 
blage forms organized beings to our eyes IV. 
Lal, &. 


Alona — the ſame as the Kebos of the Greeks 
——— jts coat of different colours which 
the name Kebos indicates — a kigg of Monkey 
with a long tail — found in Barbary, Arabia and 
Perſia was known by the ancients — called 
Nonne by corruption — reaſon thereof — its 
manners, natural habits, food &g.——diſtinctive 
characters UI, 477, &c. 


Mqynn- 


* Na DT 2 x Klit 
Auntai ns—the great chain of mountains found near- 
er the equator than the poles in the old Conti- 
nent they extend ſrom eaſt to weſt— mountains 
have in all places correſponding angles-—reaſons 
why, the great: ti inequalities of the globe ve 
found' nearelt the equator —the higheſt ar 

South America and Africa—thoſe of Afia and 
Europe although very great ate not lo high—— 
mountah have not been producedby earthquakes 
—continually lower by rain origin of moun- 
tains Nenn to Schewchyer, Steno and Ray 

| I. 318, Ng. 


hs | na- 
PPP ORB.” ſmall Monkey: te an ef de 
whiteneſs of the upper lip and two tufts of yel- 


low hair zbbve'the ears. dftit;aive chatactels 
eie keel, . i g Ke 
. FIAT hw LAit Ta bf! 


5%, the- algarly called the Sea 2 bas never- 
thelefs no affinity with the land Cowthofe who 
have called it the ſax elepha at hays bettet; denot- 

1 it—imperfettions of natnre ip the 'M Ale hiſ⸗ 
torical facts on this lub ject cannot always itay i in 

the water — their food and other Hatufal 'babits 


II. 384, * 


iel —— on the, of the human race, ap. 


prfoaching nearer the truth chan any” Friown 
before”: Vc AT ONS COT my 95 


* 


Mouſe, Feld — prior ien ** — RS lares 406 $nall 
kind of the ſame ſpecies — deſcription. of their 
holes — eaſy method of catching a great number 
of them — very numerous in autumn + He 229 
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Aſouſe, Shrew, —inclines to the Rat and Mole — has 
eyes lomewhat larger than the Mole — a ſtrong 
{me]l — not venemous nor capable of biting a big 
animal, therefore the wounds it is ſaid to give to 
- horſes is not true — varieties II. 241, &c. 


Aſouſe, Water — places where found — differences, 
hs — Ditto. 243, &c. 


Mufflon—is the wild animal from which all the 
breeds of domeſtic Sheep are iſſued — its deſerip- 
tion and conformity with the Sheep — cloathed 

with hair not wool — III. 159, &c, 


Aut = the Horſe and the Afs may produce with 
the great and little Mule— reaſon for this pre- 
ſumption = the aſs mult produce with greater 
certainty with the Mule than the Horſe — the 
Mule is as ardent in love as the the Aſs and for 
that reaſon inclines to ſterility IV. 35, &c. 
Mule produces in hot countries and ſome times 
even in temperate — two kinds one called fimply 
Mule proceeding from the union of the Aſs with 
the Mare—the ſecond which is ſmaller, and 
proceeding from the Horſe and ſhe As 
the Mule produces with the Mare an animal 
called Huinus or Guinus___experiments propoſed 


5 on the ſubject of mules — preſumption on the 


product of the experiments the mule muſt 
produce more certainly with the Mare than with 
the ſhe Aſs, and the Shingle with the the Aſs 
than with the Mare . 32, &c. 


Muſk Ani mal belongs to the oldContinent—deſcription 


ot—1ts humour found jn a bag or tumor=the bag 
filled 


i 0 0: 0 xlix 


filled in its amorous time no ways domeſtic and 
appears to be confined to the moſt eaſtern part 
of Aſia * — III. 267, &c. 


Muſcardine or Smatl Dormiuſe—leaſt ugly of all rats 
—its frgure and natural habits-ſcarce in France 
and common in Italy and found even inthe north 
—orizin of its name — makes its neſt on trees like 
the Squirrel—deſcription thereof II. 260, &e. 


N 


Nagor. Kind of Gazel of Senegal Jaba hag 
wrongly termed it, Mazame—its climate and 
deſcription — II. 264, &c. 


Nature is the ſyſtem of laws eſtabliſhed by the 
Creator for the exiſtence of things and for the 
ſucceſhon of beings Nature not a bein 
but may be conſidered as an immenſe power 
which embraces and animates every thing — 
this power flows from the divinity——time, 
ſpace, and matter her means—the univerſe her 
object, life and motion her end limits of 
her power — never quits the Jaws preſcribed 
to her the external throne of divine magni- 
ficence, &c. Frute Nature picture of— 
hideous | | ll. 450, &c. 


| | | 17 N 
Nature. cultivated and animated view of 


II. 458, &c, 
Neceſſiey — moral maſt ſeldom form a proof in 
philoſophy — VI. 10 
„ Negroes 


* 


I n K. 


. 


Negroes. Negro children are often in a very in- 
commodious tituation to, come at the nipple— 
deſcription of | — pf 22, &c: 


Negro of Senegal—their deſeription Ss + 238, Ec. 


Negroes of Sierra Leona and Guinea—their defcrip- 
tion-do not live fo long as other men the 
premature uſe of women the cauſe=deſcription 
of thoſe of Guinea, Juda, Arcade, Congo, &c. 
colour changes when ſick the blackeſt in the 
weltern part of Atrica I. 240, &c. 


Ne gro—diſſected - 


cauſe of their blackneſs 
| „ 285, Kc. 


North, paſſage by the—ſome new ideas on this 
ſubject V. 41% —paſſage by the— all travel- 
lers who have attempted to go to China ſrom 
— 10 the north catt have alike miſcarried 

| VI 31, Kc. 


Nutriment or Fed is greater with reſpect to 
animals which teed on grais and fruit than 
on thoſe which teed on ictlin teaſons thereof 


IV. 20, &c. 


Nigit———phyfical cauſe of the fear which moſt 
people experience from the obſcurity e 


J. 146 


Nutrition. Clear and general ideas of nutrition in 
"the animal and d vegetable: e 


Ohectlen 


* 


ESO FT fi 


Objefion.the moſt confiderable that can be made 
againſt all ſyſtems — firſt anſwer to it 
5 IV. 168, &c. 


Oljervaticns on the liquor in oyiters—in the water 
in which pepper had been boiled—on the wa- 
ter in which pepper was! pt infuſed, &c. 

| RE IEG IW. 274 


Ocean the, has a conſtant motion from eaſt to 
weft, which is not only felt between the tropics 
but in every other zone the Pac iſic ocean acts 
continually againſt the coaſts of Tartary and 
China—the Indian ocean does the ſame againſt 
the oriental coaſt of Africa—the Atlantic againſt 
all the ezſtern coaſts of America V. 335, &c. 


Ocelot or Catameuntain—an animal of America, fe- 
rocious and carnivorous — of the ſame nature 
as the Jaguar and Couguar-deſcription of the 
male and {emale_ftze—nature—different names 
given to them in their native countries—error 
in this reſpect- appears to be the moſt beautiful 
of all the carnivorous kind the male more 
beautiful than the female — cruel, and at the 
ſame time timid—prefers blood to R 
can tame it—its pre duction „37, Ke. 


O. datra- kind of mulk rat—its differences from 

x * . * * 
ſrom others—brief deſcription of this animal 

the Oudatra can reduce its body — deſcription 
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of the follicles which contain the perfunie— 
» conformities and differences with the Beaver 
deſcription of their habitations—manner of 
catching them — their fur valuable, and their 


fleſh not bad food, &c, II. 442, &c, 


Orang Cutang — firft kind of monkeys, if we was 
to pay attention to its figure alone, it might 
alike be regarded as the firſt of the monkey 

race, or the laſt of the human - two kinds, 
one called Ba/is and the ther Dril/>explanation 

of—inſtint—of fitting at table like men like- 

neſs of the Orang Outang with man- anato- 

mical deſcription of diſtinctive characters of 

III. 432, &c. 


Organical is the general workmanſhip in nature, 
and that which colts her the leaſt — organical 
matter, is in a greater quantity in inſects than 
in other animals this ſuperabundance of it 
not being uſed in generation from the defect 
of organs, molds and unites itſelf entirely, un- 
der one form, which depends much on that of 
the animal, and which it in part reſembles 


IV. 340, &c. 
Organization, an organiſed body every part of 


which is like the whole—is a body whoſe or- 
ganization is the moſt ſimple IV. 360, &c. 
Orienathe name of the Elk in North America 
III. 153 


Ounce —— origin of this name, with a ſhort de-. 
ſcription of this animal-compariſon with the 
Panther and differences — nature and tempera- 

| | | = heat ment 
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ment the kind appear more numerous and 
general than the Panther—uſed for the chace 
in Afia reaſon thereof—natural habits 
| II. 397, &c. 


Paca——burrows like the rabbit ihort die 
tion of this animal, and compariſon with the 
hair and rabbit —— inhabits the borders of 
rivers *and other wet places——it is found only 
in the hot countries of South America its 
fleſh very good food the fleſh eat like 
that of a ſucking pig its ſkin a very beauti- 
ful fur it produces often and in a very great 
number—— belongs to the new continent and 

- not found in the old II. 51, &e, 


Paco and Lama—animals of Peru and which were 
the only cattle of the old Peruvians — they 
are only found in the mountains of Peru, of 
Chili and new Spain — the Paco belongs to 
the new continent and does not exiſt in the 
old — this ſpecies would be an excellent ac- 
quiſition for Europe, and we ſhould endeavour 


of propagating it in our mountains 
| III. 242, &c. 


Palnift———- ſmall animal which lives on the 
palm trees — it is neither ſquirrel nor rat i 
its reſemblances and differences — it is found 
only 
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only in the hot climates of che old contineiit 


— natural habits a III. 21 


Panther belongs te the old continent, and is 
not ſound in the new. Panther, Ounce; 
and Leopard are three different animals, they 
have been taken one for another among natur- 
liſts — ſhort deſcription of the Panther 
characters and temperament—the Panther, the 


Leopard and Ounce is found only in the hotter 
eountries of the old continent II. | 359 


Papion—is the name given to the greater ſpecies 
of Baboons produces only in temperate 
countries — are not of the number of carni- 

vorous animals they live on fruit, roots, grains, 


ke. III. 460 
alten. ho and by what ſigns the different paſ- 
| fibns' is marked on the face of man I. 80 


Ae 
Pata — kind of monkey, or monkey with long 
tail— deſeription of — II. 471 


* 


Peccary— its reſemblances and. di u with the 
0 8g natural habits — its fleſh rot bad 
food— precautions to be taken that it has 
no ſmell- the hair or rather brutles rougher 
wand ſhorter than that of the Boar III. 1, &c. 


Peru —remarks on the ſorm of the earth there 


V. 47 
Percuaſca- deſeription of this animal — its ſkim a 
à good fur IV. 90 


Per 


11 6 - ly 
Perfians— deſcription of - "No. 1. 210 
Petit Gri.— found in the ſauthern parts of the 
old and new continent its reſemblances and 
differences with the ſquirrel III. 18 
Pialanger— ſmall animal of Sduth Ameriea which 
' we have called Phalanger, becauſe there are 
ſome ſingularly formed—of the number of the 
quadrumanous animals, and its ſpecies approaches 
that of the Marmoſe characters, &c. 
III. 311 


Philander, vide, Sarigd | 
Philander of Surinam iv. gg, Ke. 


Pinch— kind of Sagoin—its deſcription and cha- 
actes — * 78 


Pit ieren ſecond kind of W the gentleſt 
and the tameſt of the whole, &c. III. 50 


Pleaſure and Paulina light too bright, 2 fire too hot, 
too ſtrong a noiſe or ſmell, &c. hurts or diſagree- 
ably affects us; whereas 2 temperate heat, 2 
delicate perfume, &c, is a pleaſitte I. 323 


Plancts—formation of explanation of the forma- 
tion of ——the principal planets are attracted 
by the ſun - the ſun attracted by the 
planets— the Jatellites alſo attracted by their 
principal planets—they turn in the ſame direction 
round the ſun and almoſt in the ſame plan 
formerly belonged to the fun= reafon why the 


x more 


OY 


\. 


Amn 1 n n. 
more denſe planets are nearer the ſun, Kc. V. 
355 Cs. Ks ders + res | TERS. 


8 Piiſong—minner i in which animal and vegetable ſab- 
ſtances may become poiſons, and the means of 


diſcovering when they tend to that ſtate IV. 349 


Puatinck-vularl called the Flying Squirrel—its re- 
' ſeniblances and differences with © the Squirrel, 
.f, and Rat found alike in the northern parts 

. the vid and new — os, 

117 ts 5 — 1, e. 


Pongo and Joclo are the names given to the 8 
Outang on the weſtern coaſts of Africa reſem- 
bie man moſt of the kind —the Pongo or great 

Orang Outang, is at leaſt as great and much 
ſtronger-it always walks erect-conſtructs a hut, 
à ſhelter from . ſun and rain feeds on fruit 
and not on fleſu 1 III. 433, &c. 


ee a Hog loaded with quill—its de- 
_ ſcription and differences with the Hog—reſem- 
_  blances with the Beaver, has not the faculty of 
darting i its quill as commonly thought — found 

commonly. in Italy, particularly on the Apennine 
mountains — is neither ferocious or lavage, ex⸗ 
tremely jealous of its liberty — its food in that 
leſtate and 1 of captivity, &e. III. 276 


Puuch=kind of rat w xhich i 18 ſound i in ſome countries 
ok the north and which is larger than that of the 
domellic rat OE — | N FOr 90 


Pregnancy of — J. 62, &c. 


Pns 
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Puberty happens ** when the body is attaine 

the beſt part of its growth the ſuperabundance 

of nutriment is at this time perceived i in the male 

and female—ſigns which precede and accompany 

it throughout the human ſpecies, girls ar- 

at puberty ſooner than the males——in the hot- 

ter elimates of Aſia, Africa. and America, moſt 

girls are at Puberty: at io and even at g years 

the traits of the viſage and figure of the body 

changes 10 e e the time of puberty that 


the ſumne per ſon might oiten be miſtook 1. 
47» Nc. 21 


Polecat — nature and temperament—kills all birds 
before it eats them—attacks the Bee-hiyes and 
and obliges the Bees to quit them natural 
habits ——continually at war with Tabbits— 

| . ſingle family of Poletats capable of defiroying 
2 whole warren- dogs Will not eat their fleſh. by 
* reaſon of it ftinking: ſmell — what contains the 
matter w which gives that hnean animal of tem- 
erate countries - dreads cold and iv not ' found 
a the northern climates - = the Euro pe ean Polecat 
appears to be of the fame claſs' 2s | the ; linkards 
of America. whoſe ſpecies : are = numerous 
"and the nature more exalted | Ir, 209. Ke: 
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| 1 more denſe planets are "nearer the ſun, KS V. : 
4 [| | 385 66. WB 
i [| " Piiſoms—mianner i in which animaland vegetable ſub- 
| ſtances may become poiſons, and the means of 
4 i - .: ; diſcovering when they tend to that ſtate IV. 349 
. *Polatunch—vulgarly called the Fling Squirrel—its re- 
ſeniblances and differences with the Squirrel, 
Loi, and Rat=found alike in the northern parts 
of the did and new Continent — natural habits, 
LIES . 15, &c. 
Pengo 1 Jucllo are the names given to the Orang 
Outang on the weſtern coaſts of Africa creſem- 
bie man moſt of the kind the Pongo or great 
Orang Outang, is at leaſt as great and much 
3 ſtronger-it always walks erect-conſtructs a hut, 
4 A ſhelter from the ſun and rain feeds on fruit 
and not on-fleſh In ae III. 433. &c. 


8 2 Hog loaded with quill—its de- 
ſcription and differences with the Hog—reſerti- 
5 blances with the Beaver, has not the faculty of 
7 darting its quills as commonly thought — found 
commonly i in italy, particularly on the Apennine 
mountains — is neither ferocious or lavage, ex: 
tremely jealous of its liberty — its food in that 
tate and in of captivity, &e. III. 276 


Pouch=kind of rat w xhich i is found in Cubs . countries 
of the north and w hich is larger than that of the 
 domeltic rat 5 — N 90 
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Puberty happens ** when the ods is attained 


the beſt part of its growth—the ſuperabundance 
of nutriment is at this time perceived in the male 
and female ſigns which precede and accompany 
it throughout the human ſpecies, girls ar- 
at pape kn ſooner than the males in the hot- 


ter elimates of Aſia, Africa and America, moſt 


girls are at Puberty at io and even at g years 


| the? traits of the viſage and figure-of the hody 


changes ſo greatly in the time of puberty: that 
the ſumæ per ſon Highs otten be miſtook 1. 
47. Nee i | 


Polecat—ngture and temperament—kills : all birds 


before it eats them——attacks the Bee-hiyes and 
and obliges the Bees to quit them—— natural 
habits continually At War with Tabbits — 


| '2 ſingle family of Polecats capable of deſtroying 
"2 whole. warren—do 5s Will not eat their fleſh. by 
- * reaſon of it linking ſmell— what ' contains the 


matter which gives that nell an animal of te tem- 
ate countries _dreads cold and is, not ſound 
Ty he northern climatey - — the Europe ean Polecat 
appears to be of the fame c claſs : 25 the : finkards 
"of America. whoſe ſpecies : are more numerous 
"and the” nature more exalted | C 209. * 
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PIT generally walk by moving the fore 
leg, and the hind leg drags nearly at the ſame 
time the name, of quadrupede ſuppoſes an 
animal of four feet: if it wants two feet like the 
Manati, it is not a quadrupede and an abuſe. of 
this general denomination when it is applied to 
5 2 E animals real quadrupedes are the foli- 
ous and the forked feet when we de- 
** fifſiſſipedous claſs, we meet with ambiguous 
 "quadrumanes—quadrupedes who make uſe of 
- their fore feet as hands mult be diſtinguiſhed 
from the reſt—enumeration-of animals to which 
the name of quadrupede agrees: in all the rigour 
ol its acceptation, and of thoſe to which it does | 
not wholly agree and which: form an interme- 
_ diate claſs between the quadriipede and quadry- 
mane— there is in reality more than one fourth 
of animals to which the name of quadrupede 
diſagrees, and more than'one half to Which it does 
not agree in al the extent of its acceptation 
1 1 ns 412, Ke. 


Racon—ſhort defiriotion of—its natural 1 
climbs trees very eb a native of America 


a 5 though 
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| though originally of hot climates fears not the 
cold - eats all it meets with—is of the nature of 
the Maki . | F I. 300, &c. 


Nat. e wah by thoſe of the north 
called Lemings ——natural habits of produces 
mary times in the year eat each other when 
preſſed by hunger vatieties in this ſpecies ——. 
the whole ſpecies with its varieties appears to be 
natural to the temperate climates of the old Con- 
tinent — the Rat belongs to the old Continent, : 
and did not Exiſt in the new when it was diſ- 


_ covered | mp. 228. Fe. 


at, Water — natural habits l not frequent 
freſh water — has the toes of the feet ſeperated, 
yet ſwims very eaſily dogs hunt with à Rind of 
fury males and; females er. aftet each other at 
the end of: winter: e. II. . eo. 


Rein Deer—reaſon, phyſical, why, the female. has 
. borns as well, as. the. male — its deſeription and 
compatiſon with the ſta —its natural habits 
0 become 2 domeſtic, znimal among the Laplan- 
ders reat utility drawn from theſe animals 
; faſtened to 2 fledge and. draws i it eaſily 30 leagues 

a day manner in which they rear and conduct 
theſe animals hs its food in winter and ſummer 


FORT: e Ke. 


— med made uſe of by na- 
ture, for reproduction explanation of the repro- 
duction of vegetables and animals, which repro- 
duce without copulation, or by the e of 

their 


Ix I. N. D., E., X., S 
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their, parts —nutriment and reproduction. are 
both not only, produced, by the ; fame | efficient 
cauſe, but alſo by the ſame material, cauſe 
matter which ſerves for the nutriment and the 
reproduction of animals and vegetables is the 
ſame it is a productive and univerſal ſubſtance 
compoſed oforganical-molecules, always exiſting, 
always actirg. Whofe reymion e organized 
bodies 5 V. 132, &c. 


Reſpiration—experiment y which 23 to proye that 
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animals might be raiſed, and perhaps even 

| children during ſometime without ſuffering them 
to telpire by preventing the foramen ovale to 
de mut, & c. — 3 1. 13. en 
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Rhinocers——belongs to the old continent and: not 
found in the new —the ſpecies not numerous 
and confined only to the Toutherri\ climates of 
Africa and Aſia — next to 2 r the moft 


wo 


"TED 


RAO - uſe of its A upper lip 
| moveable and i lain by an appendix 
deſcription of this animal — number and figure 
of its teeth —uſe of its long lip—its food and 
" tate of ca ptivity - _ lifiens attentively to all noiſe 
here found its food in 2 free ſtate 
battles of the Koser with the Elephant i ima- 
ginary — manner of hunting and killing them 
has 2 good ſmell, excellent eat, but bad 


es K III. 111 &c, 
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Rivers in the ſinuoſities exactly follow the cbrreſ- 
ponding direction of mountains when in a 
valley the inclination of one of the mountains 
which confines it is leſs rapid in general 
rivers occupy the middle of valleys, ox rather the 
loweſt part between twoqchills or mountains 
of the chang: of beds in rivers the ſurface of 
2 river in motion is hot level with botk ſhores 
enumeration of the humbet of ſtreanis which fall 
into large rivers- in ftfiall and large rivers the 
ſhores. form 2 een ante III. 
132, &c. 


| Ronſitte and Rougette—two ſpecies zpproackii each 
other — reſemblances and differences both be- 
long to the hot climates of the old Continent— 
their reſemblances and differences with the Vam- 
Pyre — carnivorous animals——manner of taking 
them by inedtiatton with fermented liquors ——= 
commonly go in troops, and more in the might 
than day-——examination and deſcription of 
the tongue of the Won N 4 
v9 Nc. 1 | 
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Sand what is under ſtood by the word—-vitrifiable 
ſand and clay, which is only decompounded vi- 
trifiable ſand, is the common tflatter of the 
globe, and all rocks whether of the vitriſiable 
* ealcitiable claſs are equally reſted on clay or 
. vitri- 


Ixii 1 N D E X. 


1 vitri6able ſand —— ſand by W 
produces flaky leaves, and by a ſtill more eom- 
plete decompoſition becomes clay III. 360, &c. 


Sai — 2 ſmall ſpecies of the Sapajou——deſcrip- | 
tion, nature, nutriment, &c. diſtinctive cha- 
tacters of this ſpecies— Ditto. 71, &c. 


Saiga——an animal which forms an intermediate 
ſpecies between the Goat and Gazel—defcrip- 
tion and natural habits III. 288 


Saimii-4 ſmmall kind; and the moſt bezinifal of 
Sapajous—deſcription and natural habits diſ- 
tinctive characters  — . 72 


Sajous—arè leſs—tW ¼ vartetics, the brown and 
grey deſcription and nature diſtinctive char ac- 
ters of this ſpecies IV. 70 


dali gent ſpecies of the Sago . diſüine- 
tive characters ß⸗ñ½c IV. 24 


Sapojous and' Sagtint - general and particular 
charaQers* which divide the Sapajous and Sa- 
goins from Monkeys, Baboons and Apes 
the characters for this diſtinẽtion may be 
looked upon as theif repreſentatives in the new 
continent——reſemblances and differences 
eight kinds and their enumeration IV. 59, &c: 


Sariga or Apeſſum — an animal of the new con- 
tinent two ſingular characters by which 
it is diſtinguiſbed from all other animals 

deſcription of the ſemale and the pouch under 
her belly .——— conformation of the parts of 


generation — the young conceal themſelves in 
: | the 


NAD AEM FE! lin 

the pouch of their mother move ſlowly- III. 5t 
$auager —— their thoughts of walking —.— 
deſcription of the American ſavages with 


reflections on their cuſtoms and manhers—ths 
American: ſavages deteſt, lavery, and had rather 


die than ſerve or work „ I. 256, Kei. 


8 commgpn, principal. 15 STE 
muſt, be lookcd,upgn, as, eſſential parts. fo. t 


animal ceconomy inen and common 
ſenſe 1 by the l of, the external, 


and how lit Produges and, determines' thb wötl⸗ 
ton mY an animal difference of th inter- 
nal and external ſenſes degrees oF Excel 
lence in the ſenſes Man bas feeling, hght 


aud bezring morg, pore, ad this nell more 
imperfeck than. an animal, 4 1 30 me. 


Senjation — Aiſtinjpny weben,  nfation apd 
ſentiment un 0 4 1h 12 hr fee 


deli — — ls, Perhapg. mote ſure 
but, always les. irang than 309 Wited, . 1 53 


gent ime nt effe&t GRA aimiltes beinge—.—3 


io what its eſſence :confiſts © . not 153 
491, ent ei, bk 


Serdaj—najde given by.«the. For tugueſe : in Iudia: 
to a wild and ferogioys. .animal; larger than 
the wild cat and N ſmaller than the 
eivet - deſeription St, its nature, Ferocity hid 


nimbleneſfs?: ——_ II. 33 &c: 
FLV eee HMO =: 387 ? 
da Mouſe—its nature, colour, &c. ic . 5241 


sigle caſe of one who was reſtored fo | | ""P 143 
1 Sleep 


- 
P i age — . —U 


1 N ar 5 
Sleep.the firſt ſtate of an animal 1. 247 
Sorrote its expreſſion deſcribed »-- I. 90 


Soflib—a ſmall | quadrupede reſembling the Mulot 
coded IV. 90, &c. 


n-te of; r nnr 


sterility-cauſes of in men and women the moft 
common is the alteration of the ſeminal li- 
.. in the female teftjctes and generally ſpeak- 
ing nerlllty is moft often ftom the fault of 

| the woman than the man 1. 57, Kc. 


dreht ol man and animals compated —woman 
inferior in rr to man and therefore often 


tyrannically ufd 1. 76, Kc. 


1 m1 in e ol etations 
frequent in the Hare and why - I. 61, &. 


Suritat=the name of a pretty little animal found 
at Surinam, znd in ſome other parts of South 
America its deſcription and nature III. 308 


Sweden = women — the Swedes ww A 


5 25 
HaguaAdeſctiption ff HII. 318, &c; 


. 
0 . 
1 
o 
- 


Talapoin—finall monkey—very pretty * V. 8 


2 amamir--ſhort deſcription of — covers its . 
body 


— 
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body with its tall-üngulatity ! in the conſiſtance 
of the coat of it goes flow, and a man may 
eafily overtake it---its ſtrength and the manner 
in which it defends itſelf againſt animals of 
prey---not met with in Africa, although ſome 
authors have aſſerted ſo ö 23. &c. 


amarin — ſmall kind of eee ba- 
racter — IV. 75 


Tanrec or Tengrac ſmall e T the Eaſt 
Indies reſemble our hedgehog —two different 
kinds——— the firft thicker and larger and its 
{nout longer than the ſecond——-natnre' and 
vther properties, of this animal ut; 284, Ke. 


Tapct approaches the Hare and weden ie de - 
Enäpeton | A 6 . 102, Kc. 


Zurſſer the name given. toa mall N like the 
Gubua not larger than © rat—deſcription and 
compariſon with the Gubuz, "> me III. 310 


WF '3 7 
Tartars— particular liference | in them and parti- 
cular obſervations — 7: 


Tatuette—kind of Tatou with 8 fireaks—its 8 
tion and particular characters HI. 41, &c 


Tatous—inſtead of hajr are covered like the Tortoiſe, 
Crab and other cruttaccous animals with a ſolid 
crutt—teveral kinds of—generical characters and 
ſpeciſic differences belong to the Continent 
different names of different kinds — walk briſk 
but 
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but can neither run nor bound —natural. habits 
manner of taking them 1 III. 50, &c. 


7 ora deſeription of — IV. 98 


Theoty of the Earth—turns on four principal circum- 


ſtances—the rata, different beds, ſubmerged, &c. 
EROS: V. 313, Kc. 


25 jger—generical name given to many different kinds 
of animals—the real, a very ſcarce animal 
belongs to the old Contigent—its fize—charac- 
ters which diſtinguiſh it from the Panther, 

| Leopard, c. the Lion the firſt of carnivorous 
animals and the Tiger the ſecond nature and 
temperament— natural habits—neyer cloyed 
with blood ſo ſtrong that after having killed 

2 Buffalo he drags it eaſily to the wood to feed on 
at his leiſure — probably the only animal who 
nature will not bend battle between a Tiger 
and three Elephants—uſe of 1 its {kin II. 381, &c. 


Totai—a Rahbit with 2 long tail found i in Tartary 
3 W. 87 


Touching or Feeling—the a ſenſe which may be 
looked upon as neceſſary — explanation of its 
action -why the hand is the chief organ of 
It—this ſenſe imperfect in animals who have 
not hands the principal organ of feeling in 
animals ts their ſriout ” #493 Kc. 


7 acan—defcription. of A IV. 100 


Vampire 
77 


Fumpire— a flying at found in the hot 
countries of the new Continent reaſon why 
named ſo-a different ſpecies from the Rouſſette or 
Rougette its nature how it can ſuck the blood 
of a perſon without waking: him III. 9, &c. 


Fanſire — name of an animal reſembling the Ferret 
—its deſcription — III. 327 


Vegetables - derive their nutriment more from air 
than water, &c. V. 449, &c. 


irginity—figns of, imaginary or very uncertain— 
ridiculous prejudice on' this ſubject I. 48, &c. 


Piſage—different forms of, in the different paſſions 
L 73 

Fiſun—explanation ofthe manner in which it is done 
 —demonſtration that we iſee objects reverſe and 
double although \ we ſuppoſe 1 them otherwiſe 1. 
139, Ko. 
Viſen- character of — ni. 159 


» - 


oice—perſons with a falſe voice do not hear alike 
with both ears, this is the reaſon as ſuch perſons 
hear falſe- why the young falſe — acouſticons or 
hearing trumpets may be ſo inlargedas to increaſe 
ſounds an "_ I. 153, &C. 


** 


Volcano'r 


Hill 1 
g Folcane under the ſea—found i in high mountains 
V. 317, &c 
Voyage round the World — the firſt that made it was 


Magellan _.. Drake the ſecond, and Cavendiſh the 


third the time each performed it in, &c. V. 
416, &c. | 
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Unan or the Sth 3 of and” compariſon 
with the Ai——theſe Nothful animals the laſt 
term of exiſlence in the order of animals which 
have fieſh and blood innate wretchedneſs of 
theſe animals_their food-ruminant. animals 
natural habits, &. — II. 391, &c. 


Univerſe—the ſyſtematic order inexpolad to all who 
would diſcover the truth-pfcture of it — millions 
of. millions of luminous globes placed at an in- 
conceivable diſtance, are the baſis which ſerve for 
the foundation to the. edifice of the world—mil- 
lions of apaque globes circulating round the firſt 
compoſe the moving order and architecture = two 
primitive powers agitate theſe enermous maſſes, 
turns them about, tranſports and animates them 
it is from the body of motion itſelf that the 
equilibrium of worlds and the quiet of the uni- 


verſe ſprings, — VV. 353, &c. 


wh 


Urſor—animal of North AmerRz=—xalled the 
Por- 


I” N © DC BY N | un 


Porcupine of Hudſon's Bay — its figure, natural | 
habits, &c, — II. 382, &e. 


1 , 9 #£ Y * 
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mad —experiments on the frength — of 
euperiments an cafy mode to augment the 
Wlidity, ſtrength and duration of - expetiments 
on the drying wood in air, and on its imbibition 
in water experiment, to compare the time 
and gradation of dryneſs—table of the propor- 
tion of dryneſs table of the imbibition of two 
pieces of wood when planged into water to 
| Yiſcover the difference of the imbibition bf wood, 
ns tlie ſolidity is greater or leſs on the imbibi- 
tion of green wood on the imbibition of dry 
wood both in ſalt and freſh water - table of theſe 
pieces — V. 224, 188 


Yiquiepatl or Stinkard=is an animal the ſame as the - 
Squaſh of New Spain — III. 354, &c. 
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E ebra- belongs to the old Continent - its deſeri ption 


ſize, form, &c, — does not cohabit nor produce 
with the Aſs or Horſe—attemipts to domeſticate 
them and make them labour like hor ſes . bur 
hitherto not fully ſucceeded - nature in none of her 
works is ſo divided and "wy little connected ag is 
the robe of the Zebra 1h 175, &c; 


Zebu not the Babulus o 6 the Ancients only 2 vari- 
ety of the Ox origin of this race Al. 159 


Zemni - deſeription of ——jts nature: ang habits 
ati like thoſe of the Hamfier and Zizel 


IV. 89, &c. 
2 ibet.— its Nair and iff ences Witb the 
Civet — 1. 4, Ke. 


Le oy 


Zia 100 reſemblances and differences with the 
Hamfter——deſcription and natural habits IV. 
88, &c. 
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